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4-AMrNOPYRROLOPYRIMIDINES AS KINASE INHIBITORS 

RELATED APPLICATIONS 

This appHcaiion claims liie benefit of U.S. Provisional Application No. 
60/100,954, filed September 18, 1998, and is a Continiiation-in-Patt of U.S. 
Application No. 09/042,702, filed March 17, 1998, the entire teachings of each of 
&ese referenced ^pKcalions are incorporated herein by reference, 

BACKGROUND OF THE INVENTION 

There are at least 400 cnzynies identified as protein kinases. These enz>'mes 
catalyze the phosphorylation of target protein substrates. The phosphorylation is 
usually a transfer reaction of apho^hate group trom ATP to the protein substrate. 
The specific stracture in the targdt substmte to which the phosphate is transfetred is 
a tyrosine, serine or threonine residue. Since these amino acid residues are the target 
stmcfares for the phosplioryl transfer, these protein kinase enzymes are commoniy 
referred to as tyrosine kinases or serine/lbneomne kinases. 

Tlie pliosphQr>^ation reactions, and coimteracting phosphatase reactions, at 
the tyrosine, serine and threonine residues are involved in countless cellular 
processes that underlie responses to diverse intraceliuiar signals (typically mediated 
through cellidar receptors), regulation of cellulai- functions, and activation or 
deactivation of cellular processes. A cascade of protein kinases often participate in 
intracellular signal transduction and are necessarj' for the realization of tliese cellular 
processes. Because of their ubiquity in these processes, the protein kinases can be 
found as an integral part of the plasma msinbrane or as cytoplasmic enzymes or 
localized in the nucleus, ofien ^ components of enzyme complexes. In many 
instances, these protein kinases are an essential element of mzyme and structural 
protein complexes that determme where and when a cellular process occurs within a 
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protem complexes that detennine where and when a cellular process occurs within a 
cell. 

Prorein Tyrosine Kinmes. Piotein tyrosine kinases (PTKs) are enzymes 
which catalyse the pho^horylation of specific tyrosine residues in cellular proteins. 
This post-translational modification of these substrate proteins, often enzymes 
themselves, acts as a raolecuiar switch regulating cell proliferation, activation or 
difFersntiatioii (for review, see Schlessinger and Ukich, 1992, Netfron 9:383-391), 
Aberrant or excessive PTK activity has been observed in many disease states 
iijciuding benign and aiaiignaat proliferative disorders as well as diseases resulting 
from mappropriate activation of the immune system (e.g., autoimmune disorders), 
aiiograft rejecJion, and graft vs. host disease. In addition, endotheMal-ceil specific 
receptor PTKs sach as KDR and Tie-2 mediate the angiogenic process, and are thus 
involved in supporting the progression of cancers and other diseases involving 
inappropriate vascularization (e.g., diabetic retinopathy, choroidal 
neovascularization due to age-related macular degeneration, psoriasis, arthritis, 
retinopathy of prematurity, infantile hemangiomas). 

Tyrosine kinases can be of ifee receptor-type {having extracellular, 
traasmembrane and intmcelMar domains) or the non-receptor type (being wholly 
intracellular). 

Receptor Tyrosine Kinases (RTKs). The RTKs comprise a large family of 
transmembrane receptors with divejrae biological activities. At present, at least 
nineteen (19) distinct RTK subfanviiies have been identitled. The receptor t>TOSine 
kinase (RTK) family includes receptors that are cnicial for the grov.'th and 
diffcretitiation of a variet>' of ceil t^pes (Yarden and Ulirich, J/j/j. Rev, Biochem. 
57:433-478, 1988; Ullrich and Schlessinger, Cell 61:243-254, 1990), The intrinsic 
function of RTKs is activated upon ligand binding, which results in phosphorylation 
of the receptor and multiple cellular sub^rates, and subsequently in a variety of 
cellular responses (Ullrich & Schlessinger, 1 990, Cell 61 ;203-212). Thus, receptor 
tyrosine kinase mediated signal transduction is initiated by extracellular interaction 
with a specific growth factor (ligand), typically followed by receptor dimerization, 
stimtilation of tlie intrinsic protein tyrosine kinase activity and receptor trans- 
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phosphoiylatioa Binding sites are thereby created for intraeeilular signal 
transduction Biolecui^ and lead to the formation of complexes with a spectmni of 
cytopiasmic signaling molecules that facilitate the appropriate cdMar response, 
(e.g. , cell division, differentiation, metabolic effects, changes in the extracellular 
microenviromnent) see ScMessinger and UUrich, 1992, Neuron 9; 1-20, 

Proteins with SH2 (src homology -2) or phosphotyrosine binding (PTB) 
domains bind activated tyrosine kinase receptore and fheir substrates with high 
atimity to propagate signals into cell. Both of the domains reco^ize 
phosphotyrosine. (Fantl et al, 1992. Cell 69:413-423; Songyang ^i?/., 1994, Mol 
Cell Biol U-nn-inSi Songyang et al, 1993, Cell 12'.767~71Si and Koch et al, 
199 1,. Vdt'/jce 252:668-678; Shoelson, Curr. Opin. Chem. Biol. (1997), 1(2),227- 
234; Cowbum, Curr. Opin. Struct. Biai (1997), 7(6), 835-838). Several 
intracelhiiar substrate paiteins that associate with receplor tyrosine kinases (RTKs) 
have been identified. They may be dividetl into two principal groups: (1) substrates 
which have a catalytic domain; and (2) substrates which lack such a doinain but 
serve as adapters and associate with catalytically active molecules (Songyang ei ai, 
1993, Cell 72:161 -nZ). The specificity of the interactions between receptors or 
proteins and SH2 or PTB doniains of their substrates is detemiined by the amino 
acid residues immediately surrounding the phosphoiylated tyrosine residue. For 
example, differences in the binding affinities between SH2 domains and tiie amino 
acid sequences surrounding the phosphotyrosine residues on particular receptors 
correlate with the obser\?ed differences in their substrate phosphorylation profiles 
(Songyang el aL, 1993, Cell 72:767-778). Obset^'ations suggest that the function of 
each receptor tyrosine kinase is detemiined not only by its patiem of expression and 
ligand avaikbiiit)'' hut also by the array of downstream signal transduction pathways 
tliat are acti vated by a particular receptor as well as the timing and duration of those 
stimuli. Thus, phosphorylation provides an important regulatory step which 
determines the selectivity of signaling pathways recruited by specific growth factor 
receptors, as well as difFermtiation factor receptors. 

Several receptor tyrosine kinases such as FGFR-1, PDGFR, TiE-2 and c- 
Met, and growth factoid that bind thereto, have been suggested to play a role in 
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angiogenesis, although some may promote angiogenesis mdirectly (I^fostonen and 
AUtaio, J. Cell Biol 129:895-898, 1995). One such receptor tyrosine kinase, kirown, 
as "fetal liver kinase 1" (FLK~1X is a member of the type III subclass of RTKs. Mi 
alternative designation for hxmm FLK-1 is "kinase insert domain-containing 
receptor" (KDR) (Terman et al. Oncogene 6: 1 677-83, 1991). Another alternative 
designation for FLK-I/KDR is "vascnlar endothelial cell growth factor receptor 2" 
{V.EGFR-2) since it binds VBGF with high affinity. The murine version of FLK- 
1 /VEGFR-2 has also been called NYK (OeMchs et al Oncogene 8(1 ): 11-1 5, 1993). 
DNAs encoding mouse, rat and hnman FLK-1 have been isolated, and the 
nucleotide and encoded amino acid setiuences reported (Matthews et al, Proc. Natl 
Aaui Sci. USA, 88:9026-30, 1991; Tennan et al, 1991, supra; Tmxmn et al, 
Biochem. Biophys. Res. Comm. 187:1579-86, 1992; Sarzani ei al^ supra; aud 
Milkuer et al.. Ceil 72:835-846, 1993). Numerous studies such as those reported in 
Millauer e/ a/., supra, suggest that VEGF and ELK- 1/KDR V.EGFR-2 are a ligaud- 
receptor piiir that play an insportiJiU role in the proHfenuion of vascular endothelial 
cells, and fonnation and sprouting of blood vsssels, termed vasculogenesis and 
angiogenesis, respectively. 

Another type HI subclass R.TK designated "fms-Iifce tyrosine kinase- 1" (Flt- 
1) is related to FLK-l/KDR {DeVries et al. Science 255;989-991, 1992; Shibuya et 
at, Oncogene 5:519-524, 1990). An alternative desigriation forFU~l is "vascular 
endothelial cell growth factor receptor 1 " (VEGFR-1 ). To date, members of the 
FLK- 1 / K.DR/VEGFR-2 and Fit-I./ VEGFR- 1 subfamilies have been found 
expressed primarily on endothelial cells. These subclass merobers are specifically 
stimulated by members of the vascular endothelial cell growth factor (VEGF) family 
of ligands (Klagsbum and D'Amore, Cytokine d. Growth Factor Reviews 7: 259- 
270, 1996). Vascular endothelial cell growth factor (VEGF) binds to FU-1 with 
higher affinity than to FLK-L'KDR and is mitogenic toward vascular endothelial 
cells (Terman et al,, 1 992, supra; Mustonen et a!, supra; DeVries et al., supra), Flt- 
1 is believed to be essential for endothelial organization during vascular 
development. Fit- 1 expre^ion is associated with early vascular development in 
mouse embryos, and witli neovaiscularization during wound healing (Mustonen and 
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Alitalo, supra). Expression of Fii- i inmonocjles, osteoclasts, and osteoblasts, as 
well as in adult tissues such as kidney glomeruli suggests an additional fenction for 
this receptor tiiat is not related to cell growth (Mustonen and AUtalOj supra). 

As previousJy stated, recent evideme suggests that VEGF p!ays a role in the 
stimulation of both noniiai and pathological angioge«esis (Jaketaan et aL, 
Endocrinology 133: S48-S59, 1993; Kolch etai. Breast Cancer Research and 
Treatment 36: 139-155, 1995; Fen-ara f?^ Endocrine Reviews 18(1); 4-25, 1997; 
Femira et al., Regalation of Angiogeaesis (ed, L. D. Goldberg and E.M. Rosen), 
209-232, 1997). In addition, VEGF has been in^Hcated in the control and 
eoiiancement of vascular penneability(CoiinoUy, etal.,J. Biol Chem. 264: 20017- 
20024, 1989; Brown ei aL, Regulalion o/Angwgenesis (ed. L.D, Goldberg and E,M. 
Rosen), 233-269, 1 997). DiflereiU .fonns of VEGF arising frtim aitemadve 
splicing of mRNA have been reported, incJudiiig tiie four species described by 
Ferrara ei ai (J. Cell. Biochem. 47:2 1 1-2 1 S, 1 991). Both secreted and 
predominantly cell-associated species of VEGF hav^e been identified by Fen ara et al. 
supra, and the protein is known to exist in the foim of disul.fide linked dimers. 

Several related homologs of VEGF have recently been identified. However, 
their roles in normal physiological and disease processes have not yet been 
elucidated, hi addition, the members of die VEGF family are often coexpressed with 
VEGF in a number of tissues and are, in general, capable of forming heterodimers 
witli VEGF, This property likely altei's the receptor specificity and biological effects 
of the heterodimers axid further complicates the elucidation of their specific 
ftmctions as illustrated below (Koipelainen snd Aliiaio, Cmr. Opin. Cell Biol, 159- 
164, 15>98 and references cited therein). 

Placenta growtit factor (PIGF) has an amino acid sequence that exhibits 
significant honjology to the VEGF sequence (Park et al, J. Biol. Chem. 269:25646- 
54, 1994; Maglione etal. Oncogene 8:925-31, 1993). As with VEGF, different 
species of PIGF arise irom alternative splicing of mRNA, and the protein exists in 
dimeric form (Park et aL, supra). P1GF-1 and PjGF-2 bind to Fit-l with high 
aJUniiy, ^dPlGF-2 also avidly binds to neuiopilin-1 (Migdal et al,J. BioL Chetn. 
273 (35): 22272-22278), but neither binds to FLK-imR (Park et at , supra). PIGF 
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has been reported to poteirtiate both the vasc ular permeability and mitogenic effect 
ofVEGF on endothelial cells when VEGF is present at low eoncentrations 
(puiportediy due to heterodhner formation) (Park et al, supra). 

VEGF-B is produced as two isoforms (167 and 185 residues) that also appear 
to bind Flt-l/VEGFR-1 . It may play a role in the regulation of extracellular malrix 
degradation, cell adhesion, and migration through modulation o f the expressi on and 
activity of urokin^e type plasminogen activator and plasminogen activator inhibitor 
1 (Pepper ei al, Pi'oc. Natl Acad. Set K S. A. (1 998), 95(20): 1 1 709-1 1714). 

VEGF-C was originally cloned as a ligand for VEGFR-3/Flt~4 which is 
primarily expressed by hTiiphatic endothelial cells. In its fidly processed form, 
VEGF-C can also bind KDR/'VEGFR-2 and stimulate proliferation and migration of 
endothelial cells in vimj and angiogcnesis in in vim models ( LyinbouBsaki el al. 
Am, J. Pathol. (1998), 153(2): 395-403; Wi\zQixmd\\iiT el ah Am- J. Faihoi. (199S), 
153(2), 381-394). The transgenic overexpressioii of VEGF-C causes praiiferation 
and enlargement of only lymphatic vessels, wlnle blood vessels are unafTected. 
Unlike VEGF, the expression of VEGF-C is not induced by hypoxia (Risdmaki et 
al,J. Biol Chem. (1998), 273(14),84i3-S418), 

The most recently discovered VEGF-D is structurally very sinular to VEGF- 
C. VEGF-D is reported to bind and activate at least two VEGFRs, VEGFR-3/Flt-4 
and KDR/VEGFR-2. it was originally cloned as a c-fos inducible mitogen for 
fibrobl^ts and is most prominently expressed in the mesenchymal cells of the lung 
and skin (Achen et ai,Proc. Nail. Acad ScL U. S, A. (1998), 95(2), 548-553 and 
refererxes therein). 

As for VEGF, VEGF-C aiid VEGF-D have been claimed to induce increases 
in vascular permeability in vim in a Miles assay when injected into cutaneous tissue 
fPCr/US97/14696; WO98/07S32, WitzenbicMer et al, supra). The physiological 
role and significance of these ligands in modulating vascular hyperpermeability and 
endothelial responses in tissues where they are expressed remains uncertain. 

There has been recently reported a virally encoded, novel type of vascular 
endothelial growth factor, VEGF-E (NZ-7 VEGF), which preferentially utilizes 
KDR/Flk~l receptor and cames a potent mitotic activity without heparin-binding 
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domain (Meyer et ai, EMBO J. (1999), 18(2), 363-374; Ogawa ei ai, J. BioL Chmt 
(1998), 273(47), 31273-31282.), VEGF-E sequences possess 25% homology to 
mammalian VEGF and are ejicoded by the parapoxvirus Orf vims (OV), This 
parapoxvirus that affects sheep and goats and occasionally, humans, to generate 
lesions with angiogenesis, VEGF-E is a dimer of about 20 kDa with no basic 
domain nor affinity for heparin, but has the characteristic cysteine knot motif present 
in all mammalian VEGFs, and was suj^singly found to possess potency and 
bioactivities similar to the he|>arin-bindin§ VEGF165 isofcam of VEGF- A, i,e. both 
factors stimulate the release of tissue factor (TF), the proliferation, chemotaxis and 
sprouting of cultured vascular endothelial cells an vitro and angiogenesis in vivo. 
Like VEGF165, VEGF-E was found to bind with hi^ affinity to VEGF reccptor-2 
(KDR) rcsuiting in receptor autophosphorylation and a biphasic rise in free 
intracellular Ca2-t concentrations, while in contrast to VEGF165j VEGF-E did not 
bind to VEGF receptor- 1 (Fit- i ). 

Based upon emerging discoveries of other homologs of VEGF and VEGFRs 
and the precedents for iigand and receptor heierodimerization, the actions of such 
VEGF homoTogs may involve formation of VEGF Iigand heterodimers, and/or 
heterodimerization of receptors, or binding to a yet undiscovatsd VEGFR 
(Witzenbichler et al.^ supra). Also, recent reports suggest neuropiltn-1 (Migdal et 
al, supra) or VEGFR-3/FIt-4 (Witzenbichler et a/., supra), or receptors other tlian 
KDS/VEGFR-2 may be involved iu the induction of vascular pemieability (Stacker, 
S.A.J, Vitali, A,, Domagala, T., Nice, E., and Wilks, A,F-, "Angiogenesis aiid 
Cancer" Conference, Amer, Assoc, Cancer Res,, Jan. 1998, Orlando, FL; Williams, 
Dmbetehgia 40: 8118-120 (1997)). 

Tie-2 (TEK.) is a member of a recently discovered family of endothelid ceil 
specific receptor tyrosine kinases which is involved in critical angiogenic processes, 
such as vessel branching, sprouting, remodeling, maturation md stability. Tie-2 is 
the ilrst mammalian receptor tyrosine kinase for which both agonist Hgand(s) (e.g., 
. Aagiopoietinl ("Angl"), which stimulates receptor autophosphorylatioa and signal 
^msduction), and antagonist ligand(s) (e.g., Angiopoietin2 ("Ang2")), have been 
identified. KBOck-out and transgenic manipulation of the expression of Tie-2 and its 
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iigaiids indicates tight spatial and remporal contiol of 'rie-2 signaling is essential for 
the proper development of new vascuiiitiiE-e. The cmxent model suggests that 
stimuiation of Tic-2 kinase by the Atigl Hgaiid is directly involved in the braoching, 
sprouting and outgro-wth of new vessels, and recniitment and interaction of 
periendotfeclial support cells important in maintaining vessel integrity' and inducing 
quiescence. The absence of Angl stimulation of Tic-2 or the inhibition of Tie-2 
autophosphoryiatioa by Ang2, which is produced at high levels at sites of vascular 
regression, may cause a loss in vasculaa- stmctnre and matrix contacts resulting in 
etjdothelial cell death, especialiy in the absence of growtWsurvival stinutii . The 
situation is however more complex, since at lea^t two additional Tie-2 ligainis (Ang3 
and Ang4) have recently been reported, and the capacity for lietc-rooligomerization 
of the varions agonistic and antagOTiistic angiopoietins, thereby modifying their 
activity, has beeii demonstrated. Targeting Tie-2 ligaiid-receplor interactions as an 
anti angiogenic tlierapeutic approach is thus less favored md a kinase iiiliibilor>' 
strategy prefened. 

The soluble extracelluiar domain of Tie~2 {"ExTek") can act to disrupt the 
establishmoit of tnmor vasculature in abreast tumor xenografi and lung metastasis 
models and in t«raor-ce11 mediated ocular neovasculatization. By adenoviral 
infection, tiie in vivo production of mg/ml levels ExTek in rodente may be achieved 
for 7-10 days with no adverse side effects. These results suggest that dismption of 
Tie-2 sibling pafiiways in normal healthy animals may he well tolerated. These 
Tie-2 inhibitory responses to ExTek may be a consequence sequestration of ligand(s) 
and/or generation of a nonproductive heterodimer wi th fiiU-length Tie-2, 

Recently, significant upreguktion of Tie-2 expression has hem found within 
the vascaiar synovial pamius of arthritic joints of humans, consistent with a role in 
the inappropriate neovascularization. This finding suggests that Tie-2 plays a role in 
ftie progression of rheumatoid arthritis. Point mutations producing constitutiveiy 
activated forms of Tie-2 have been identified in association with human venous 
malformation disorders. Tie-2 inhibitors are, there&l, usefiil in treating stich 
disorders, and In other situations of inappropriate neov^cuiarization. 

The Non-Receptor Tyrosine Kinases. The non-receptor tyrosine kinases 
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represent a collection of cellular enzymes which iack extracellular and 
traitsmembrane sequences. At present, over tweivly-four mdividual. non-receptor 
tvi-oaine kinases, comprising eleven (11) subfaniilies (Src, Frk, Btk, Csk^ Abi, 
Zap 70, Fes/Fps, Fak, Jak, Ack and LIMK) have been idaitified. At present, the Src 
subfamily of non-receptor tyrosine kinases is comprised of the largest number of 
PTKs and include Src, Yes, Fvn, Lyn, Lck, BJk, Hck, Pgr and Yrk. The Src 
subfamily of enzymes has been linked to oncogenesis and immune responses. A 
more detailed discussion of non-receptor tyrosine kinases is provided in Bohlen, 
1993, Oncogene 8:2025-2031, which is incorporated herein by reference. 

Many of the tyrosine kinases, whether an RTK or non-receptor tyrosine 
kinase, have been found to be involved in cellular signaling pathways involved in 
niimerous pathogenic conditions, including cancer, psoriasis, and other 
hypetproliferative disorders or h>per-iminime responses. 

Development of Compounds to Modulate (he PTKs. In view of the surmised 
importance of PTK s to the control, regulation, and raoduiation of cell proliferation, 
the diseases and disorders associated witli abnormal cell proliferation, many 
attempts have been made to identify receptor and non-receptor tyrosine kinase 
"inhibitors'* using a variety of approaches, including the use of mutant ligands (U.S. 
Application No. 4,966,849), soluble receptors md antibodies (Application No, WO 
94/10202; Kendall & Thomas, 1994, Proc, Natl. Acad Sd 90:10705-09; Kim etaL, 
1993, Nature 362:841-844), RNA ligands (Jellinek, et aL, Biochemistry 33:10450- 
56; Takano, ei ai, Vm.MoL Bio. Ce//4:358A; lOnseUa, eta!. 1992, K^. Cell Res. 
199:56-62; Wright, eta!,, 1992,7. CelMarPhys. 152:448-57) tyrosine kinase 
inhibitors (WO 94/03427; WO 92/21660; WO 91/15495; WO 94/14808; U.S. Patent 
No. 5,330,992; Mariam, a/., 1994, Froc, Am. Assoc. Cancer Res. 35:2268). 

More recently, attempts have been made to identify small molecules which 
act as tyrosine kinase iniiibitors. For example, bis monocyclic, bicyciic or 
heterocyclic aryl compounds (PCT WO 92/20642) and vinylene-azaindole 
derivatives (PCT WO 94/14808) have been described genially as tyrosine kinase 
inlubitors. Styryl compounds (U.S. Patent No. 5,21 7,999), styT>'l-substituted pyridyl 
compounds (U.S. Patent No. 5,302,606), certain quinazoline derivatives (EP 
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seienomdoics jud scicii t cs (PC t WO 94 0'^42") incvt Ik po}vh\th(<\v1ii 
ccanpownds (PCX WO ^2'21660) and benxyinhosphorifc arid compounds <PCT WO 
91/15495) have been described as compounds for use as tyrosine Mnase uihibitors 
for use in the treatment of cancer. Anilinociiraolines (PCT W097/34876) md 
quinazolme derivative compounds (PCT W097/22596; PCT W097/42187) have 
been described as inhibitors of angiogenesis and vascular permeability. 

In addition, attempts have been made to identify small molecules which act 
as serine/threonine kinase inhibitors. For example, bis(tndolyhtialeimide) 
compounds have been described as inhibiting piirticular PKC serine/liireonine kinase 
isoforms whose signal transducing funciion is associated with altered vascular 
pemieability in VEGF-related diseases (PCT WO97/40830; PCT WO97/4083I). 

Plk-1 Kinase Inhi^itorg 

Pik-1 is a sadne/threonine kinase which is an important regulator of ceil 
cycle progression. It plays critical roles in the ^sembiy and the dynamic fimction of 
the mitotic spindle apparatus. Pik-1 and related kinases have also been shown to be 
closely involved in the activation and inactivation of other cell cycle regulators, such 
as cyclin-depend^t kinases. High levels of Plk-1 expression are associated u'ith cell 
pix>iifisratioa activities. It is often found in inalignant tumors of various origins. 
Inhibitors of Pik~l are expected to block caiicer cell proliferation by disrupting 
processes involving mitotic spindles and inappropriately activated cyciin-dependent 
kinases. 

Cdp2/C>'chn B Kinase infaibitQt^ (Cdc2 is also known as cdkl ) 

Cdc2/cychn B is another serine/threonine kinase enzyme which belongs to 
the cyclin-dependent kinase (cdks) family. Hiese enzymes are involved in the 
critical transition be tween various phases of cell cycle progression. It i s believed 
that imconttoiled cell |MX)lifenition, which is the hallmark of cancer is dependent 
upon elevated cdk activities in tliese cells. The inhibition of elevate cdk activities 
in cancer cells by cdc2/cyclin B kinase inhibitors could suppress proliferation and 
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inay restore tiienomial control of c eil eye ie progression. 

The regulation of CDK acii vatba is complex, but ra;|tiires the association of 
the CDK with a member of the cyclin family of regulatory subuiiits {Draetta, Trends 
in Cell Biology, 3.-287-289 (1993)); Murray and Kirschaer, Nature, 339:275-280 
(1989); Solomon et al. Molecular Biology of the Cell, 3:13-27 (1992)). A ftirther 
level of regulation occurs through both activating and inactivating phosphorylations 
of the CDK subunit (Draetta, Trends in Ceil Biology, 3:287-289 (1993)); Murray and 
Kirschner, Nature, 339:275-280 (1989); Solomon ei ai. Molecular Biology of the 
Cell, 3:13-27 (1992); Dacommun e( aL EMBO Journal, 10:331 1-3319 (1991); 
Gautier et al, Namre 339:626-629 (1989); Gould and Nurse, Nature, 342:39-45 
(1989); Kxek and Nigg, EhmO Journal 10:3331-3341 (1991): Solomon et al., Cell, 
63:101 3-1024 (1 990)). The coordinate activation and inactivation of different 
cycUii/CDK complexes is necessarv' for nonnal progression through the cell cycle 
(Pines, Trends in Biochemical Sciences, 18:195-197 (1993); Sherr, Cell, 73:1059- 
1065 (1993)). Both the critical Gl-S and G 2-M transitions are controlled by the 
activation of different cycIin/CDK activities. In Gl, both cyclin D/CDK4 and cycfe 
WCUK2 are thought to mediate the onset of S-phase (Matsushima et al.. Molecular 
& Cellular Biology, 14:2066-2076 (1994); Ohtsubo and Roberts, Science, 259:1908- 
1912 (1993); Quelle et al.. Genes & Devehpmetu, 7:1559-1571 (1993); Resnitzky et 
ai.,MolecuIar& Cellular Eiohg}>, 14:1669-1679(1994)). ftogression through S- 
phase requires the activity of cyclin ACDKZ (Girard et al. Ceil, 67:1 169-1 179 
(1991); ?&gaxioetai., EMBO Journal, 11:961-971 (1992); Rosenbiait e/ al, 
Proceedhigs of the National Academy of Science USA, 89:2824-2828 (1992): 
Walker and Mailer, Nature, 354:314--317 (1991); Zindy et al., Biochemical S 
Biophysical Research Commutilcatiom, 182:1144-1154 (1992)) whereas the 
activation of cyclin A/cdc2 (CDKl ) and cyciiii B/cdc2 are required for the onset of 
metaphase (Draetta, Trends in Cell Biology, 3:287-289 (1993)); Murray and 
Kirschner, Nature, 339:275-280 (1989); Solomon ei al, Molecular Biology of the 
Cell, 3:13-27 (1992); Girard et al. Cell, 67:1 169-1 179 (1991); Pagano et al., EMBO 
Journal, 11:961-971 (1992); Rosenblatt aL, Proceedings of the National Acaderrty 
of Science USA, 89:2824-2828 (1992); Walker and Mailer, Nature, 354:314-317 
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(1991); Zindy el at. Biochemical S. Biophysical Research Communications^ 
182:1144-1154 (1992)), It is not sutprismg, therefore, that the loss of control of 
CDK regulation is a frequent event in hyperproliferative diseases and cancer. 
(Pines, Current Opinion in Cell Biology^ 4:144-148 (1992); l^es, Current Opinion 
in Cell Biology, im-im (1995); Hunter and Pines, Cell, 79:573-582 (1994)). 

Inhibitors of kinases involved in mediating or maintaining disease states 
represent novel therapies for these disorders. Examples of aich kinases include, but 
are not Utnited to; (1) inhibition of c-Src (Btickell, Critical Reviews in Oncogenesis, 
3:40!-406 (1992); Courtneidge, Seminars in Cancer Biology, 5:236-246 (1994), raf 
(Powis, Pharmacology & Therapeutics^ 62:57-95 (1994)) and the cyciin-dependent 
kinases (CDKs) 1 , 2 and 4 in cancer (Pines, Current Opinion in Cell Biology, 4:144- 
148 (1992); Lees, Current Opinion in Cell Biology, (1995); Hunter and 

Pines, Celk 79:573-582 (1994)), (2) inhibition of CDK2 or PDGF-R kinase in 
restenosis (Buchdunger et aL, Proceedings of the National Academy of Science USA, 
92:2258-2262 (1995)), (3) inhibition of CDKS and GSK3 kinases in Alzheimers 
(Hosoi et ai. Journal of Biochemistry (Tokyok 117:74! -749 (1995); Aplin et at. 
Journal o/Neurochemistry, 67:699-707 (1996), (4) inhibition of c~Src kinase in 
osteoporosis (Tanaka et aU Nature, 383:528-531 (1996), (5) inhibition of GSK-3 
kinase in type~2 diabetes (Borthwick et aL, Biochemical & Biophysical Research 
Communications, 210:738-745 (1995), (6) inhibition of the p38 kinase in 
inilanimation (Badger et e/,. The Journal of Pharmacology and Experimental 
Therapeutics, 279:1453-1461 (1996)), (7) inhibition of VEGF-R 1-3 and TlE-l and - 
2 kinases in diseases which involve angiogencsis (Shawer et al. Drug Discover}' 
Today, 2:50-63 (1997)), (8) inhibition of Ln.,97 kinase in. viral infections (He et al. 
Journal of Virology, 71:405-41 1 (1997)), (9) inhibition of CSF-IR kinase in bone 
aiid heniatopoedc diseases (Myers et al, Bioorganic &. Medicinal Chemistry Letters^ 
7:421 -424 (1997), and (10) inliibiUon of Lck kinase in autoimroune diseases and 
transplant rejection (Myers et al, Bioorganic &. Medicinal Chemistry Letters, 7:417- 
420 (1997)). 

It is additionally possible that inhibitors of certain kinases may have utility in 
the treatment of diseases when the kinase is not misregulated, but it nonetheless 
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essential for maintmance of the disease state. In this case, inhibition of the kinase 
activity would act either as a cure or palliative for th«^e dise^es. For example, 
many viruses, such as human papiiioma virus, disrupt tlie cell cycle and drive cells 
into the S-phase of the cell cycle {Vousden, FASEB Journal, 7:8720879 (1993)). 
5 Preventing cells from entering DNA synthesis after viral infection by inhibition of 
essential S-phase initiating activities such as CDK2, may disrupt the vims life cycle 
by preventing virus replication. This sarne principle may be used to protect normal 
cells of the body fi-om toxicity of cycle-specific chemoiherapeutic agents (Stone et 
aL Cancer Research. 56:3199-3202 (1996); Kohn et al. Journal of Cellular 

10 Biockmnstfy, 54:44-452 <1994)). Inhibition of CDKs 2 or 4 will prevent 

progression into the cycle in normal ceils and limit the toxicity of cytotoxics which 
act in S-phase, G2 or mitosis. Furthermore, CDK2/cyclin E activity has also been 
shown to regulate NF-kB. Inhibition of CDK2 activity stimulates NF-kB-dependent 
gene expression, an event mediated through interactions with the p300 coactivator 

1 5 (Perkins et aL, Science, 275:523-527 (1 997)), NF-kB regulates genes involved in 
inflammatory resi^onses (such as hematopoetic growth factors, chemokines and 
leukocyte adhesion molecules) (Baeuerle and Henfcel, Annual Review of 
Immunology, 12; 141 -179 (1994)) imd may l^e involved in the suppression of 
apoptotic signals within the cell (Beg and Baltimore, Science, 274:782-784 (1996); 

20 Wang et al. Science, 274:784-787 ( 1 996); Van Antwerp et al , SciBtice, 274:787-789 
(1996)). Thus, inhibition of CDK2 may suppress apoptosis induced by cytotoxic 
drugs via a mechanism which involves NF-kB. This therefore suggests that 
inhibition of CDK2 activity may also have utility in other cases where regulation of 
NF-kB plays a role in etiology of disease. A further example may be take from 

25 fungai infections: Aspergillosis is a common infection in tmmnne-comproraised 
pati^ts (Armstrong, Clinical Infectious Diseases, 16:1-7 (1993)). Inhibition of the 
Aspergillus kinases Cdc2/CDC2S or Nim A (Osmani et aL^ EMBO Journal, 
10:2669-2679 (1991); Osmani et al. Cell, 67:283-291 (1991)) may cause arrest or 
death in the fungi, improving the therapeutic outcome for patients mth these 

30 infections. 

The identification of effective small compounds which specifically inhibit 
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signal transduction and cellular proliferation by nioduiating the activity of receptor 
and non-receptor tyrosine and serine/threonine kinases to regulate and modulate 
abnotmai or inappropriate ceil proHferation, differentiation, or metaboHsni is 
therefore desirable. In particular, the identification of metliods and compounds that 
5 specificaily inhibit the function of a tyrosine kinase which is essential for antiogenic 
processes or the formation of vascular hyperpemieabiHty leading to edema, ascites, 
effusioRs, exudates, and macromolecular extravasation and matrix deposition as well 
as associated disorders would be beneficial, 

10 

SUMM^mY OF THE INVENTION 

Hie present invention provides compounds of Formula I, 

15 



20 




25 and phamtaceuticaliy acceptable salts thereof. 

In Formula I, Ring A is a six membered aromatic ring or a five or six 
membered heteroaromatic ring. Ring A is optionally substituted with one or more of 
the following substituents: a substituted or unsubstituted aliphatic ^up, a halogen, 
a substituted or unsubstituted aromatic group, substituted or imsubstituted 

30 heteroaromatic g-oup, substituted or unsubstituted cycioalkyl substituted or 

ungtJbstituted heterocycioalkyl, substituted or unsubstituted aralkyl, substituted or 



wo 00/17262 



PCT/US99/21536 



-15- 

unsubstituted heteroaralk>ij cyano, nitro, -NR^R^, -C{0)jH, -OH, a substituted or 
unsubstituted alkoxycarbonyl, -C(0)j-ha}oalkyl, a substituted or unsubstituted 
alkylthio ether, a siibstituted or umabstitixted alfcylsuJfoxide, a substibited or 
unsubstituted aJkylsulfone, a substituted or unsubstitated aiylthio ether, a substituted 
5 or unsubstituted arykulfoxide, a substituted or unsubstituted arylsulfone, a 
substituted or unsubstitoted alkyl carhonyl, -C(0)-haloa!ky{5 a substttuted or 
ui^bstituted aliphatic ether, a substituted or unsubstituted ai-omatic ether, a 
substituted or unsubstituted carboxajnido, letrazolyl tnfluoromethylsuiphonamido, 
triflooromethylcarboiiylamino, a substiiuted or ujisubstittited alkynyl, a substitoted 

1 0 or uiisubstituted alkyt ainido, a substituted or unsiibstitoted aryl <anido, a substituted 
or unsubstituted styryl and a substituted or unsubstitxited aralkyl airddo, 

L is one of the following linkers: -0-; -S-; -S(0)s -5(0)^; -N(R)-; - 
N(C(0)OR).; .N{C<0)RK -NCSO^R)-; -CHp-; -CH^S-; -CHjN(R)-; -CH{MR)s- 
CHjN(C(0)R))s -CHiN(C(0)OR)-;-CHjN(SOjR)-; -CH(NHR)-; -CH(NHC(0)R)s - 

15 CH(NHSOjR)-; -CH(NHC{0)OR).;-CH{OCCO)R)-;-CH(OC(0)NHR)-; -CH«CH-; - 
CC-NOR)-; -C(0)s -CH(OR)-;-C(0)N(R)s .N(R)C(0>; -N(R)S{0)-;-N{R)S(0)rr 
0C(0)N(R)-;-N(R)C(0)N(R)-;-NRC(0)0s-S(0)NCR)s-S(O)jN(R).; 
N{C(0)R)S<0)-; N(C(0)R)S(0)r; -N{R)S(0)N(R)s -N(R)S(0),N{R)s - 
C(0)N(R)C(0)-; -S{0)N(R)C{0)s -S(0)2H(R)C(0)-; -OS(0)N(R)-; -OS{0)jN(R)s 

20 ■-N(R)S(0)0~; ■•N(R)S(0)jOs «N{R)SfO)C(0)-; -N(R)S(O),C(0)s -SON(C(0)R)-; - 
SO,N(C(0)R)s -N(R)SON{R)-; -N{R)SO,NfR)-; -C(0)Os -NCRIPCOR')©-; - 
N(R)P(OR')-; -N(R)P{0)(OR')0s -N(R)P(0)(OK')-; -N(C(0)R)P(OR')0~; ~ 
N(C(0)R)P(OR')-; -N(C(0)R)P(0){OR')0- or -N(C{0)R)P(OR*)-. R and R' are 
each, independently, -H, an acyi ^up, a substituted or unsubstituted aliphatic 

25 group, a substituted or unsubstituted aromatic ^oup, a substituted or unsubstituted 
heteroaromatic group, or a substituted or unsubstituted cycloaikyi group. 

Aitematively, L is ~Rj,N<R)S{0),-, -RfeK(R)P(0)- or -R,N(R)P(0)0-. R^ is 
an alfcylene group which when taken together with the sulphonamide, 
phosphiiiamide, or phosphonamide group to which it is hound forms a five or six 

30 membered ring fosed to ring A. 

Alternatively, L is te^iresented by one of the following structural formulas: 
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5 



0^ 



completes a 5-, 6-, or 7-membered, aromatic, heteroaroraatic or 
heterocycioalkyi ring system. 
30 la Foiimiia I, R,, is -H, 2-phenyl-l,3-dioxan-5-yI, a C 1 -C6 alkyl group, a C3- 

C8 cycioalkyi group, a C5-C7 cydoalfcenyl group or m optionally substituted 
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ajyi(Cl -C6 alkyi) group. When R, is m alkyi, cycIoalk>'l and cycloaikenyl grovp, it 
can be optionally substituted by one or more groiips of formula -0R% provided that 
-OR* is not located on the carbon attached to nitrogen, is -H or a C1~C6 alkyI 
group or a C3-C6 cycloalkyL 
5 la Forxmila I, is ~-H, a substituted or unstibstituted aliphatic group, a 

i5ubstitated or ansubstituted cycloalkyl, a halogen, -OH, cyano, a substitated or 
unsubstitoted aromatic group, a subsiifefed or iinsubstituted heteroaromatic group, a 
substituted or ousubstiluted heterocycloaikyl, a substituted or unsubstituted aralkyl, 
a substituted or unsubstituted hetero aralkyl, -NR^R.., or -C(0)NR4Rj. 
10 In Formuia I, is a substituted or unsubstituted cycloalkyl, a substituted or 

unsubstituted aromatic group, a substituted or unsubstituted heteroaromatic group, or 
a substituted or ansubstituted heterocycloaikyl. When L is NRSOj-, NRC(OK- 
NRC(0)0-, -S{0)jNR-, -C(0)NR- or -OC(0)NR-, can additionally be sikyl, 
alkenyl or aralkyl. 

1 5 In Formula I, R^, Rj aad the nitrogen atom together fomi a 3, 4, 5, 6 or 7- 

membered, substituted or tmsubstituted heterocycloaikyl, substituted or 
unsubstituted heterobicycloalkyl or a substituted or unsubstituted heteroaromatic. 

AU«rnativeIy, R4 and Rj are each, independently, -H, asabicycloalkyl, a 
substituted or unsubstituted alkyl group or Y-Z. 
20 Y is -C(0)-, -(CH2)p-,-S(0)2 . -C(0)0- , ■ SO.NH-, ^CONH-, (CH^)^©-, - 

{CH2)pNH-, -(CH2).,S~, -(CH,),S(0)-, or <CH:),S(0),". 
p is an integer from 0 to to 6. 

Z is a substituted or unsubstituted alkyl, substituted or unsubstituted amino, 
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl or 
25 substituted or unsubstituted heterocycloaikyl group, 
j an integer fioni 0 to 6. 

However, when L is - CaNR-, -C(0)NR- or -NRC(O)- and is 
azacycloaikyl or azaheteroaryl, j is 0. In addition, when L is - 0- and Rj is phenyl, j 
isO. 

30 Tbs compounds of this invention are useM as inhibitors of serine/threonine 

and tyrosine kinases. In partieutaj:, compotinds of this invention are useful as 
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mhibitors of tyrosine kinases tkst are importaat in hyperproliferati ve diseases, 
especially in caiicer and in the process of aagiogenesis. For example, certain of 
these compounds are inhibitors of such receptor kinases KDR, Fit- 1, FGFR, 
PDGFR, c-Met, TIE-2 or IGF-l-R. Since certain of these compounds are ajiti- 
5 angiogenic, tii ey are important substances for inhibiting the progression of disease 
states where atigiogenesis is an important component. Certain coxnpotmds of tlie 
invention are effective as inhibitors of such serine/threonine kinases as PKCs, erk, 
MAP kinases, MAP kinase kinases, MA? kinase kinase kinases, cdks, Plk-1 or R;af- 
1 . These compounds are usefu! in the treatment of cimcer, and hypeiproiiferative 

10 disorders. In addition, certain compounds are ef&ctive inhibitors of non-receptor 
kinases sxich as those of tiie Src (for example, Ick, blk and 3yn), Tec, Csk, Jak, Map, 
Nik and Syk families. These compunds are useful in the treatment of cancer, 
hyperproliferative disorders and humuaoiogic diseases. 

Certain compounds of this invention are selective TIE-2 kinase inhibitors 

15 which may be anti-aagiogenio (especially in combination with one or more VEGFR 
inhibitors), or pro-angiogenic, when employed in the presence of, or in conjunction 
with, a VEGF-related stimulus. In this manner such inhibitors can be used in the 
promotion of therapeutic angiogeaesis to treat, for example, ischemia, infarct or 
occhision, or to promote wound healing. 

20 The present invention provi cies a method of inhibiting the kinase activity of 

tyrosine kinases and serine/threonine kinases comprising the administration of a 
compound represented by fbmiuia ] to said kinase in sufficient concentration to 
inhibit the enzyme activity of said kinase. 

The present invention further includes the use of these compounds in 

25 pharmaceutical compositions with a pharmaceutically effective amount of the above- 
described compounds and a phamiaceuticaily acceptable carrier or excipient. These 
pharmaceutical compositions can be administered to individuals to slow or halt the 
process of angiogenesis in angiogenesis-aided diseases, or to treat edema, effusions, 
exudates or ascites and other conditions associated with vascular hyperpermeability. 

30 Certain pharmaceutical compositions can be administered to individuals to treat 
cancer and hyperprolifemtive disorders by inhibiting serine/threonine kinases such 
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as c(ik, Plk-l, erkj etc. 

DETAILED DESCRIPTION OF THE INVENTION 
5 The values of substituents in a first preferred group of compoxinds of formula 

I are given below. 

Preferably, L is -N{R)S(0)3-, -SCO)jN{R)., .N(R)C{0)-, -C(0)N(R)-, -NH-, - 
NR-or-0-. 

Preferably, is a substituted or unsubstitured phenyl, a substitated or 

10 luisubstituted naphthyl, a substituted or unsubstit«ted pyridyi, a substituted or 

unsubstituted thienyl, a substiiiited or uijsubstituted benzotriazole, a substituted or 
unsubstituted tetrahydrop>Tanyl, a substituted or unsubstituted tetrahydrofiiranyl, a 
substituted or unsubstituted dioxane, a substituted or unsubstituted dioxolane, a 
substituted or unsubstituted quinoiine, a substituted or unsubstituted thiajrale, 

1 5 substituted or unsubstituted isoxazole, substituted or unsubstituted cycJopeiityl, a 
substituted or unsubstituted benzofuran, substituted or unsubstituted 
benzothiophene, substituted or unsubstituted imidazole, substituted or unsubstituted 
pyrrole^ substituted or unsubstituted pyimidinyl, substituted or unsubstituted 
indolynyl» substituted or unsubstituted benzisoxazole, substituted or unsubstituted 

20 benzisotbiazole, siibstituted or unsubstitiued benzothiazole, substituted or 

unsubstituted beivaoxazoie, substituted or unsubstituted bemiraidazolej substituted 
or UKSubstitmcd benzoxadiazole, substituted or unsubstituted benzothiadiazoie, 
substituted or unsubstituted isoquinoiinyl, substituted or unsubstituted quinoxaiinyi, 
snbstituted or unsubstituted indole or substituted or unsubstituted pwazoie, 

25 substitxited or unsubstituted phenoxy> substituted or unsubstituted pyridyioxy. In 
one embodiment, is a substituted or unsubstituted phenyl. 

Rj can be substituted by one or more substituente. Preferable substituents for 
R3 are F, CI, Br, I, CHj, NO^, OCfV OCHj, CN, -CHO, CO^CH,, CF,, t-butyl, 
pyridyi, pyridyioxy, substituted or unsubstituted oxazoiyl, substituted or 

30 unsubstituted thiazolyl, substituted or unsubstituted benzyl, substituted or 

uimbstittttedbenzenesuifonyl, substituted or unsubstituted phenoxy, substituted or 
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unsubstituted phenyl, substifeited or unsubstituted ammo, carboxyl, substituted or 
imsubstituted tefeazolyl, styryl, -S(OX-(substituted or unsubstituted arj.^), -S(OX 
where x=0,1 ,2-(substjtuted or unsubstituted heteroaryl), substituted or misubstitiited 
heteroaryl, substituted or unsubstituted heterocycioalkj'l, alfcynyl, -C(0)Nll(3^, 
5 andCHjOR,. 

R,^ and the lutrogen atom togetJier form a 3-, 4-, 5-, 6- or 7-meiTibered, 
substituted or unsubstituted heterocycloalkyi, substituted or urisubstituted 
heterobicycloalkyi or a substituted or uiisubstituted heteroaromatic. 

Aitematively, R,- and are each, iridependently, -H, a substituted or 
iO unsubstitiited aliphatic gixmp or a substituted or uiisubstiiuted aromadc group. 

R, is hydrogen, or substituted or imsubstituted alkyl or substituted or 
imsubstituted aryl, .W-(CHj)rHRA» -W.(CHjX-0-aIkyi, , -W-(CH,)rS-alkyI, -W- 
(CHA-OH, or -W-(CHANH-C(0)R,. 

t is an integer irom 0 to about 6. 
15 W is a bond or -O-, -S-, -8(0)-, -S(0)j-, or -NR,-. 

Rfc is -H or alkyl 

R^, R^ and the nitrogen atom to which they are attached together fonn a 3, 4, 
5, 6 or 7-membered substituted or unsubstituted hetetocycioalkyl or substituted or 
unsubstituted heterobicyciic group. 
20 Altemativeiy, R^ and R. are each, independently, -H, alkyl, alkanoyl or ■ K- 

D. 

K is -S(0)3-, -C(0)-, -C(0)NH-, -C(0),-, or a direct bond. 
D is a substituted or unsubstituted aryl, a substituted or unsubstituted 
heteroaryi, a substituted or unsubstituted araikyl, a substituted or unsubstituted 
25 heteroaromatic ^oup, a substituted or unsubstituted heteroaraikyi, a substituted or 
unsubstituted cycloalkyi, a substituted or unsubstituted heterocycloalkyi, a 
substituted or imsubstituted amino, a substituted or unsubstituted aminoalkyi, a 
substituted or unsubstituted aminocycioalkyl, COORj, or substituted or unsubstituted 
alkyl 

30 Rj is a substituted or unsubsti tnted aliphatic group or a substituted or 

unsubstituted aromatic group. 
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More preferred substituents for Rj are F, CI, Br, I, cyano, nitro, OCF3, CH„ 
sffldCFj. 

Prefcarably, ring A is a substituted or utisubstituted phenyl, a substituted or 
unsubstituted thienyi, a substituted or unsubstituted naphthyl, a substituted or 
5 urtsubstituted pyridyi, or a subistituted or unsubstituted indole. In one embodiraeatt, 
ring A is a substituted or unsubstituted phenyl. 

Ring A can be substituted by one or more substituents. Preferable 
substituents for ring A are F, CI, Br, I, CE„ NO., OCF,, OCH„ CN, COjCH,, CF,, t- 
butyl, pyridyi, substituted or unsubsiifuted oxazolyl, substituted or unsubsti luted 
10 benzyl, substituted or unsubstituted benzenesulfonyl, substituted or unsubstituted 
phenoxy, substituted or unsubstituted phenyl, substituted or unsubstituted amino, 
carboxyl, substituted or unsnbstituted tetrazolyl, stjryl, -S-(substituted or 
unsubstituted aryl), -S-(substituted or unsubstituted heteroaiyi), substituted or 
unsubstituted heteroar>1, substituted or unsubstituted beterocydoalkyi, alkynyi, - 
15 C(0)NR^Rg, R,andCHjOR,. Rf,Rj and R, are defined as above. 

Ring A is more preferably substituted with F, CI, and nitro, 

Rj is preferably a hydrogen. 

Preferably, R, is a cyclopentyl group or an isopropyl. 

As tised herein, aromatic groups include carbocycKc ring systems (e.g. 
20 benzyl and ciimamy !) and fused poiycyclic aromatic ring systems (e.g. naphtlvyi and 
i,2,3,4-tetraiiydronaphthyi). An ar>'l group, as used hercm, refer to an aromatic 
group. 

Heteroaromatic groups, as used hereiii, include heteroatyi ring systems (e.g., 
thienyi pyridy1> pyraxole, isoxazolyl, thiadiazoiyi, oxadia2»iyl, indazoiyl, fijrans, 

25 pyrroles, imidazoles, pyrazoles, triazxjlcs, pyrimidin.e.s, pyra^iines, tMazoles, 

isoxaKoles, isothia2S)les, tetrazoles, or oxadiazoles) and hetax)aryl ring systems in 
which a carbocyclic aromatic ring, carbocycKc non-aromatic ring or heteroaryl ring 
is fused to one or more other heteroaryl rings (e.g., beftzo(b)thienyl, benzimidazole, 
benzoxazolyl, benzothiazolyl, benzothiadiozolyl, bsnzoxadiazolyl, indole, 

30 tetrahydroindole, azaindoie, indazole, quinolme. miidazopyridine, purine, 
pym)Io[2,3-d3pyrimidine, pyrazolo[3,4-d]pyrimidine) and their N-oxides. 
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An itfalkyi group, as tised herejn, is an aromatic substitaeat that is Imked to a 
compound by m aliphatic giwip having from one to about six caii>on atoms. 

An heteroaralkyl ^ap, as used heiein, is a heteroaromatic substituent that is 
linked to a compound by an aliphatic group having from one to about six carbon 
5 atoms. 

A hetatocycloalkyl group, as used herein, is a non-aromaiic ring system that 
has 3 to 8 atoms and includes at least one heieroatom, such as nitrogen, oxygen, or 

sulftir. 

An acyi group, as used herein, is a:) -C(0)NR,Rz, -C(0)OIbc> -C(0)Rx, in 
10 which Rx and Rz. are each, independently, -H, a substituted or unsubstituted 
aliphatic group or a substituted or unsubstituted aromatic group. 

As nsed herein, aliphatic groups include straight chained, branched or cyclic 
CrCg hydrocarbons winch are completely saturated or which contain one or more 
units of nnsaturation. A "lower alkyl group" is a saturated aliphatic group having 
15 form 1-6 carbon atoms. 

Compounds of fonnula I may exist as salts with phannaceutically acceptable 
acids. The present invention include such salts. Examples of such salts include 
hydrochlorides, hydrobromides, sulfates, metlianesnlfonates, nitrates, raaleates, 
acetates, citrates, fumarates, tartrates {eg (+)-tiirtrates, (-)-tartrates or mixtures 
20 thereof mciuding raceme niixtures], suainates, benzoates and salts with rniim 
acids such as glutamic acid. These salts may be prepared by methotis knowu to 
those skilled in the art. 

Certain compoimds of fbrmuia 1 which have acidic substituenis may exist as 
salts with pharmaceuticaily acceptable bases. The present invention includes such 
25 salts. Example of such salts include sodium salts, potassium salts, lysine salts and 
argimne salts. Ttiese salts may be prepared by methods known to those skilled in the 
art 

Certain compounds of fommla 1 and their salts may exist in more than one 
crj'stai form and the present ijivention includes each crystal form and mixtures 
30 thereof. 

Certain compounds of formula 1 and their salts may also exist in the form of 
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soivates, for example hydrates^ and the prcsoit invention inctades each solvate &n6 
mixtures thereof. 

Certain compounds of formaia I may contain one or more chiral centres, and 
exist in different optically active forms. When compounds of formula I contain one 
5 chiral centre, the compoimds exist in two enantiomeric forms and the present 
invention includes both atantiomers and mixtures of enantiomcrs, such as raconic 
mixtures. The enantiomers may be resolved by methods known to tliose sidlled in 
the art, for exampie by formation of diastereoisomeric salts which may be separated, 
for example, by crystallization; formation of diastereoisomeric derivatives or 

10 compiexes which may be separate4 for example, by crystaiKzation, gas-liqtiid or 
liquid cliiomatogiaphy; selective reaction of one enantiomer with m enaniiomer- 
specific reagent, for example enzymatic estefrifioatlon; or gas-liquid or liquid 
chromatography in a chiral environment, for example on a chiral support for 
example silica with a bound chiral ligand or in the presence of a chiral solvent. It 

1 5 will be appreciated that where the desired enantiomer is converted into another 

chemical entity by one of the separation procedures described above, a further step is 
required to liberate the desired enantiomeric form. Alternatively, specific 
enantiomers may be synti^esized by as>'inmeiric synthesis using optically active 
reagents, substrates, catalysts or solvents, or by converting one enantiomer into the 

20 other by asymmetric transfonnaiion. 

When a compound of tbrraula I contains more than one chiral centre it may 
exist in diastereoisomeric forms. The diastereoisomeric pairs may be separated by 
methods known to those skilled in the art, for example cliromatography or 
ciystallization and the individual enantiomers vrithin each pair may be separated m 

25 described above. The present invention includes each diastercoisomer of 
compounds of ibimuia I and tnixtures thereof. 

Cc^in compounds of formula I may exist in different tautomeric foi-ms or as 
different geometric isomers, and tlie present invention includes each tautomer and/or 
geometric isomer of compounds of formula T and mixtures thereof. 

30 Certain compoimds of formula I may exist m different stable conformational 

forms which may be separable. Torsional asymmetry due to restricted rotation about 
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an asymmetric single bond, for example because of steric hiiidiaace or ring stralo, 
may permit separation of different conforaiers. The preseixt invention includes each 
conformational isomer of compounds of formula I and mixtures tliereof. 

Certain compoiuids of formula I may exist in zwitterionic form and tlie 
5 present invatJtion includes each zwitterionic jfotm of compounds of formula I and 
mixtures thereof 

Preierred compounds of fomrala I include the following: N!-(4-(4~amino-7- 
cyclopenty!-7H-p>iToio[2,3-d]pyrimidin-5-yl)-2-fiiiorophenyl)-2- 
(tri fluoroniettioxy}- 1 -benzenesulfonamide, N I -(4-(4-amino-7-cyclopentyl-7H~ 
iO pwolo(2J-d]pyritnidin-5-yl)-2'Ch!orophenyl)-2~chioro--l-benjzenesuifonamide, Nl- 
(4 (4-ainino- 7 cyclopentyi-?H-py'rro1o[2,3-d]pyrimidin-5-yl)-2HDhlorophen 
fl uoro- 1 -benzenesulfonamide, 

Ni-{4-(4-ainjno-7-cyclop«ityl-7H-pyrrolo[23-d]p5^imidin-5-yi)-2-j5uoiop^^^ 
chloro-1 -benzenesulfonamide, Nl~(4-(4-amino-7-cyclopemyI-7ff-pyrrolo[2,3- 

i 5 d]pyrimidin-5-yl)-2-chlorophaayl)-3-fluoro- i-benzenesulfonamide, 

Nl-(4-(4-amino-7-cyclopentyl-7H~pyrrolo[23-dlpyTimidin-5-yi)-2-ch}oropheny^ 
benzenesulfonamide, Nl-{4-(4-amino~7-cyclopentyl-7H-pyrrolo[2,3-d]pyrimidia-5- 
yl)-2-nitrophaRyl)-l~benzencsulfonamide,Nl-(4-(4-aniiiio-7-cyc}open£yl-7H- 
pyrro5o[2,3-ci|pyrimjdin-5-yJ)-2-chiorophenyl)-3-(txifluoroffiethyl)-l- 

20 benzenesiiifbnamide, 

]sjl.(4-(4-2mino-7-cyc]opentyi~7F]~p)Troio|23-dJpyrimidm-5-yl)-2-chiorophenyi)-4- 
chloro-l-benzenesulfoBamidE, N1-{4~{4-amino-7-cyclopentyl-7H-pyrroio[2,3- 
djpyrimidin-5-yl)-2-chlorophenyl)-2-cyano-l-benzenesulfonamide, 
Nl-(4-(4~amino-7-cyclopentyl-7H-pytTolo[2,3-d]pyrimidin-5~yl)~2-fiuorophenyi)-2- 

25 mtro-l-benzenesulfoxiamide, Nl -(4-(4-amino-7-cyclopeiityl-7H-pyrroio[2,3- 
d]pyrimidin~5-yl)-2-flttOiophenyl)-2,6-difluoro-l-benzenesuifonamide, 
Nl-(4-(4-amino-7-cyclopentyl-7H-pytroloi;2>3-d]pyrimidin-5-yl)-2-methoxyphenyl)- 
1 -benzenesulfonamide, HI -(4~(4-amino-7-cyclopenty}-7H-pyn-olo[2,3-d]p>'rimidin~ 
5-yl)-2-fluorophenyl)-2,3,4-trifluoro-l-benze.r)esulfonamide, 

30 NlH'4-(4~aminD-7-cyclopentyl-7H-pyirolo[2,3-djpyrimjdin-5-^^^^ 

bromo-2-fiuoro- i-berizenesulfonamide, N l-(4-(4~araino-7-cyciopentyl-7H- 
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pyrroio[2,3-d)pyrimi<iia-5-yl)-2-fluorophenyl)-2,5-difluoro-l-beiizenesu1fonam^ 
Ni-(4~(4-amino-7<;yciopentyI-7H-pyn'olo[2,3~d]pyrimidin-5-yl)~2~fluoropheiiyl)- 
3,4-difluor(>-l-benEenesulfonamide,Nl-(4-(4-ammo-7-cyclopenty^ 
dlpyrimidm-5-yl)~2-fiuorophenyi)-2~bromo-l-benEeiiesuifbnamide, 
5 Nl-(444-amiiK>~7-cyciopentyl~7H-pyrK>Io[23-d3pyrimidin~5-yI)-2-f}uoro^ 

2,6-dichloro-l -benzenesulfonamide, Nl -(4-(4-ammo-7-cydopen tyi -7H-pyrro}o[2,3- 
dJpyrimidin-5-yl)-2-fluoK)pheiiyl)"2,4,6-trichloro-l-benzenesuifonm«id6, 
Nl~(4-(4-amino-7-cyclopsnty^7H-pym>lo[2,3-d]pYrim}din-5-y{)-2-fiuoroplieiiyl)- 
2,4-dichlorO"i"benzenesuifonamide, Nl-(4-(4-iMiiino-7~cyclopentyl"?H"p>'Tro1o[2,3- 
10 d]pyriffiidin-5-yi)-2-fluorophenyl)-2-chiorO"4-fluoro-I-benzenesulfonainide, 
Ni-(4-(4-amino-7-cyclopenty}-7I:I-pyn-olo[2>3'd]pyrimidin-5-Yl)-2-fl 

2.4- difluoro-l -benzeneailfonamMe, N 1 -(4-(4-amino-7-cydopeniyl-7H-p>TToloi;2,3- 
d]pyriffiidin-5-yi)-2-fiuorophenyl)-2-iodo-' I -benzenesulfonainide, 
Nl-{4-(4-animo-7-cyolopentyI-7H-pym)lo[2,3-djpyrmiidi^^^ 

1 5 2,3-dicMoro- 1 -benzenesulfonaniide, N 1 -(4-{4-amino~7~cyclopcntyl-7H-pyn'olot2,3- 
d]pyrimidm»5-yI)-2-£iuorophenyl)-4-bromo-2,5-difiuom4-benz^ 
N3-{4~(4~ammo-7-cycbpentyl-7I;l-pyrrolo[2,3-djpyrimidin-5-yl)-2-.flu^ 
chJoTo-4-cyaiK')- 1 -benzei-sesuifonamide, Nl-(4-(4-amino-7-cyc1opentyl-7H- 
p>^iO!o[2,3-d]pyriniidin-5-yl)-2-nuoropheny1)-2-cbloro-6-rnethyl-l- 

20 benzenesoifojiamide, 

Ni-(4--(4~amino-7-cyclopentyI-7H-pyjTolo[2,3-d]pyriniidin-3-yl)-24lTO 
cMoro-2-metbyl-l -benzenesulfonaniide, N2-{4-(4-aBiiiio-7-cyclopentyl-7H- 
pyn'oio[23-d]pyriinidm-5-yi>2-fluoropheiiyl)-4,5-dibromo-2- 
thiophenesulfonaraide, 

25 N2<4-<4-ammo-7-cyclopentyl-7H-pyTrob[2,3-d]pyrimidin~5~yI)-2-^^ 
bromo-2-thiophenesulfonamide,N2-(4-(4-ammo-7-cyciopeiityl-7H-pyr^ 
d]pyTimidm-5'yl)-2-fittomphenyl)-3-bromo-5-cMoro-2-thiophe!nesulfon 
N3-(4-(4-ammo-7-cyc}openty3-7H-p>TtoIo[2,3-d]pyiimidm-5-yl)-^^ 

2.5- dicMoro-3-tbiophenesulfonamide, N4~(4-(4-amino--7~cyciopentyl-7H~ 
30 pyirolo[2,3-d3p>'rimidm-5-yi)-2--fiuorophenyl) -2, 1 ,3-beri2otMadiazole-4- 

salfonamide. 
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N4-(4-(4-ainino-7H;yc1.openty!-7HiJyrrolo|23-d3pyriiiiidin-5-y^^ 
2J,3-benzoxadiazole-4-sdfonaniide,N4-(4-{4-mimo-7-cyciopeiJtyl-7H- 
pyrro!o[23-d;|pyrimidjn-5-yI)-2-fluorophenyl)-7-<;hk>ro-2, i 
sulfonamide, 

5 N4-(4-<4-aTmno-7<yciopenty1-7H-pyrrolo[2,3-d3pyrinudm-5-yi)-^ 

methy!-2J3-benzothiadiazoie-4-sulfonamide,K4~(4~(4-armno-7H:ycl^^ 
pyrrolo[2p-d]pyrimidiB-5-yI)-2-f!iiorophenyl)-5-metliyi-2J,3-becz»^ 
sulfonamide, N4-(4-C4-amino-7-cyclopent:v1-71I-pyn'o]o[23-d]pymnid^^ 
SiiOfOphenyl)-5-chloro-24 J-benzotiiiad!azoie-4~suifonaniide, 

iO N'(4<4~amiiK)-7-cyclopent>4-7Ii4nTrolo[23-d]p>T!midjn~5-y!)-2-fluoropheH 
mtrophenyi)methanesuifoiiamide, and Nl-<4~{4~ammo-7-cyc.lopeniy1-7H- 
pyrmlo[23-d3pyrimidm-5-yI)-2-fiuorophenyl)'2,5-dibromo~3,6-djfluoro 
benzenesolfonamide. 

Hie compounds of this invention have a»tiaagiogenic properties. These 

1 5 aatiangiogenic properties are due at least in part to the inhibition of protean tyrosine 
kinases essential for angiogenic processes. For this re^on, these compounds can be 
used as active agsaits against such disease states as arthritis, atherosclerosis, 
restenosis, psoriasis, hemangiomas, myocardial angiogenesis, coronary and cerebral 
collaterals, ischemic limb angiogcncvsis, ischemia/repertlisioninjur>', wound healing, 

20 peptic ulcer lielicobacter related diseases, viraily-induced angiogenic disorders, 
fractees, Crow-Fukase syndrome (POEMS), preeclampsia, mcnometrorrliagia, cat 
scratch fever, rabeasis, neovascular glaacoma and reiinopathies such as those 
associated with diabetic retinopathy, retinopathy of prematurity, or age-related 
raaciilai- degeneration, in addition, some of these compounds can be used as active 

25 agents against solid lianors, malignant ascites, von Hippel Lindan disease, 

hematopoietic cancers and hyparproliferative disorders such as thyroid hyperplasia 
(especially Grave's disease), and cysts (such as hypervascularity of ovarian stroma 
characteristic of polycystic ovarian syndrome {Stein-Leventhal syndrome) and 
polycystic kidney disease, 

30 Farther, some of these compounds can be used as active agents against bums, 

chronic lung disease, strolce, polyps, anaphylaxis, chronic aiid allergic intlammation, 
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delayed-type hypersensitivity, ovarian h>'perstimulation syiidrome, brain tumor- 
associated cerebrai edema, hi^-aititude, trauma or hypoxia induced cerebral or 
pulmonary edema, ocular and macular edema, ascites, giomenilouephritis and other 
diseases where vascular hyperpemieabiUty, effusions, exudates, protein 
5 extravasation, or edema is a manifestation of the disease. The compounds will also 
be useful in treating disojdcrs in which protein extravasation leads to the deposition 
of fibrin and extracellular matrix, promoting stromal proliferation (e.g. keloid, 
fibrosis, cirrhosis and carpal tunnel swdrome). Increased W^GF production 
potentiates inflammatoiy processes mch as monocyte recmitment and activation. 

10 Hie compounds of this invention will aiso be useful in treating inflammatory 
disorders such as inflammaiory bowel disease (IBD) and Crohn's disease, 

VEGF's are unique in that they are the only angiogenic growti: factors known 
to contribute to vascular hyperpemieability and the formation of edema. Indeed, 
vascular hyperpemieability and edema that is associated with the expression or 

15 administration of many ol3ier growth factors appears to be mediated via VEGF 

production. Inflammatory cytokines stimulate VEGF production. Hypoxia results in 
a marked iipregulation of VEGF in numerous tissues, hence situations involving 
infarct, occlusion, ischemia, anrania, or circulatory impairment typically invoke 
VEGFA^F mediated responses. Vascular hyperpermeability, associated edema, 

20 altered transendotheiial excharsge and macromokcular extravasation, wJiich is often 
accompanied by diapedesis, can result in exce.ssive matrix deposition, aberrant 
stromal proliferation, fibrosis, etc. Hence, VEGF-mediated hyperpemieability can . 
significantly contribute to disorders with these etiologic features. 

Because blastocyst implantation, placental development and embryogenesis 

25 are angiogenesis dependent, certain compounds of the iiwentioa areusefiil as 
contraceptive agents md anfifatility agents. 

It is envisaged that the disorders listed above are mediated to a significant 
extent by protein tyrosine kinase activity involving the iCDJWEGFR-2 and/or the 
Flt-l/VEGFR-1 and/or TiE-2 tyrosine kinases. By inhibiting the activity of these 

30 tyrosine kinases, the progression of the listed disorders is inhibited because the 

angiogenic or vascular hj'perpemteability component of the disease state is severely 
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curtailed. The action of certain compoaods of this inyention, by their selectivity for 
specific tyrosine kinases, i^esult in a minimizatioa of side effects that would occur if 
jess selective tyrosine Mmse inhibitors were used. Certam compotinds of the 
invention are also effective inhibitors of FGFR, PIX5FR, c-Met and IGF-1.-R. These 
5 receptor kinases can directly or indirectly poteittiate angiogenic and 

hyperproliferatvve responses in various disorders, hence their inhibition can impede 
disease progression. 

The compounds of this invention have inhibitojy activity against protein 
kinases. That is, these compoimds modulate signal transduction by protein kinases. 

10 Compounds of this invention inhibit protein kinases from serinc/'tin-eonine and 
tyrosine kinase classes, in particular, tliese componnds selectively inhibit the 
activity of the KDR/FLK.-1/YEGFR-2 tyrosine kinoes. Ceilain compounds of this 
mvention also inhibit the activity of additional tyrosine kinases snch as Flt- 
WEGFR-U Tie-2, FGFR, PDGFR, IGF-IR, c-Met, Src-subfaraily kinases such as 

1 5 Lofc, Src, fyn, yes, etc. AddifionaUy, some compoun<fci of this invention 

significantly mhibit serine/threonine kinases such as PKC, MAP kinases, erk, CDKs, 
Plk-1 , or Raf- I which play an essential role in cell proliferation and cell-cycle 
progression. The potency and specificity of the generic compounds of this invention 
towards a particulai- protein kinase can often be altered and optimised by variations 

20 in the nature, number and arrangement of the substituents (i.e., R Rj, R,, A and ring 
i) and conformationai rcstrictaons, .In addition the metabolites of certain compounds 
may also possess significant protein kinase inhibitor>- activity. 

The compounds of tliis invention, when administered to individuals in need 
of such compounds, inhibit vasculaa" hyperpermeability and the formation of edema 

25 in these individuals. These compounds act, it is believed, by inhibiting the activity 
of KDR tyrosine kinase which is involved in the process of vascular 
hyperpermeability and edema formation. The KDR tyrosine kinase may also he 
i-eferred to as FLK-1 tyrosine kitiase, NYK tyrosine kinase or VHGFR-2 tyrosine 
kinase. KDR tyrosine kiai^e is activated when vascular endothelial cell growth 

30 factor {VEGF) or another activating ligand (such as VEGF-C, VEGF-D, VEGF-B or 
HIV Tat protein) binds to a KDR tyrosine kinase receptor which lies on the surfece 
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-29- 

of vascular endolfeelial cells. Following such KDR tyrosme kinase activation, 
hyperpermeability of the blood vessels occurs and fiuid moves &om the blood 
stream past the blood vessel walls iiito the interstittal spaces, thereby tbnning an 
area of edema. Diapedesis also often accompanies this response. Similarly, 
5 excessive vascular hyperpermeability can disrupt normal molecular exchange across 
the endotheliimi in critical tissues and organs (e.g., iimg and kidney), thereby 
causing macromolecular extravasation and deposition. Following this acute 
response to KDR stimulation which is believed to facilitaie the subsequent 
aiigiogeiiic process, prolonged KDR tyrosine kinase stinnilation results in the 

1 0 proliferation and chsmotaxis of vascular endothelial cells and ibrmation of new 
vessels. By inhibiting KDR tyrosine kinase activits', either by blocking the 
production of the activating Hgand, by blocicing the activating Hgand binding to the 
KDR tyrosine kinase receptor, by preventing receptor dimerizalion and 
transphosphotyiatiofl, fay inhibiting the enzyme activity of tiie KDR tyrosine kinase 

1 5 (inhibiting the phosphorylation function of the enzyme) or by some other 
mechanic that interrupts its downstream signaling {D. Mukhopedhyay et al. 
Cancer Res. 5*; 1278- 1284 (1998) and references therein), hypeiperraeability, as 
well as associated extravasation, subsequent edema formation and matrix deposition, 
and angiogenic responses, may be inhibited and minimized, 

20 One group of prefened coinpoui^ds of this invention have the property of 

inhibiting KDR tyrosine kinase activity witlrout significantly inhibiting Flt-1 
tyrosine kinase activity (Fh-1 tyrosine kinase is also referred to as VEGFR-1 
tyrosine kinase). Both KDR tyrosine kume and Fit- 1 tyrosine kinase are activated 
by VEGF binding to KDR tyrosine kinase receptors and to Flt-1 tyrosine kinase 

25 receptors, respectively. Certain preferred compounds of this invention are ujiique 
becaiise they inhibit the actjvi^' of one VEGF-receptor tyxosine Idnase (KDR) that is 
activated by activating ligands but do not inhibit other receptor tyrosine kinases, 
such as Flt-1 , that are also activated by certain activating Hgsmds, In this manner, 
certain preferred compounds of this invention are, therefore, selective in their 

30 tyrosine kinase inMbiiory aclivity. 

in one embodiment, the present invention provides a method of treating a 
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protein kins^e-mediated condition ixi a patiwit compri$ing adimiasteriog to the 
palient a therapeutically or prophylactically efTective amomvt of one or more 
compounds of Formula!. 

A "protein kinase-mediated condition" is a medical condition, such as a 
5 disease or other undesirable physical condition, the genesis or progression of wMcli 
depends, at least in part, on the activity of at least one protein kinase. The protein 
kinase can be, for example, a protein tyrosine kin^ or a protein serine/threonine 
kiaase. 

The patient to be treated can be any animal, and is preferably a mammal , 
10 such as a doHiesiicated animal or a livestock animal. More preferably, the patient is 
a human. 

A therapeutically effective amount" is an amount of a compound of Formula 
I or a combination of two or more such compounds, which inhibits, totally or 
partially, the progression of the condition or alleviates, at least partially, one or more 

1 5 symptoms of the condition. A therapeutically effective amount can also be an 
amotmt which is prc^hylactically effective. Hie amoimt which is therapeutically 
effective will depend wpon the patient's size and gender, the condition to be treated, 
the severity of the condition and the result sought. For a given patient, a 
therapeuticaliy effective amount cars be determined by methods known to those of 

20 skilliatheail. 

The method of the present invention is usefol in the treatment of protein 
kintise-mcdiatai conditions, such as any of the conditions described above. In one 
embodiraejit, the protein kin^e-mediated condition is characterized by undesircd 
angiogenesis, edema, or stromal deposition. For example, the condition can be one 

25 or more more ulcers, such as oics:s caused by bacterial or fimgal infections, Mooren 
ulcers and ulcerative colitis. The condition cm also be due to a microbial infection, 
such as Lyme disease, sepsis, septic shock or infections fay Herpes simplex, Herpes 
Zoster, human immunodeficincy virus, protozoa, toxoplasmosis or parapoxvirus; an 
angiogenic disorders, such as von Hippel Lindau disease, polycystic kidney disease, 

30 pemphigoid, Pagct's disease and psoriasis; a reproductive condition, such as 
endometriosis, ovarian hyperstimulation syndrome, preeclampsia or 
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meaiometroiriia^a; a fibrotic and edetnic condition, sucli as s^coidosis, fibrosis, 
cirrhosis, thyroiditis, byperviscosity syndrome systemiCj Osier- Webcr-Rendu 
disease, chronic occlusive pulmonary disease, asthma, md edema following bums, 
trauma, radiation, stroke, hypoxia or ischemia; or an iotlatmuatory/iinmunologic 
5 conditioiv, such ^ systemic lupus, chrotiic infiammation, glomerulonephritis, 
synovitis, inflanimatoiy bowel disease, Crohn's disease, ihenmatoid arthritis, 
osteoarthritis, multiple sclerosis and graft rejectioa. Stjitable protein kiiiase- 
metiiated conditions also include sickle cell anaemia, osteoporosis, osteopetrosis, 
tumor-induced hypercalcemia and bone metastases. Additional protein kinase- 

10 mediated conditions wMch can be treated by ihc method of the present invention 
include ocular conditions such as ocular and macular edema, ocular neo vascular 
disease, scleritis, radial keratotomy, uveitis, vitritis, myopia, optic pits, chronic 
retinal detachment, post-laser compiications, conjunctivitis, Stargardt's disease and 
Bales disease, in addition to retinopathy and macular degeneration. 

1 5 The compounds of the present invention are also useful in the treatment of 

cardiovascular conditions such as atheroscterosis, restenosis, vascular occlusion and 
carotid obstructive disease. 

The compounds of the present invention are also use ful in the treatment of 
cancer related indications such as solid tumors, sarcomas (especially Swing's 

20 sarcoma and osteosarcoma), retinoblastoma, rhabdomyosarcomas, neuroblastoma, 
hematopoietic malignancies, including leukaemia and lymphoma, tumor-induced 
pleural or pericardial efftisions, and mahgnant ascites. 

The compounds of tlie present invention are also usefiil in the treatment of 
Crow-Fukase {POEMS) sj'ndrome and diabetic conditions such as giauooma, 

25 di abetic retinopathy and microangiopathy. 

The Src, Tec, Jak, Map, Csk, NFkB and Syk families of kinases play pivotal 
roles in the iiegulation of immune function. The Src family currently includes Fyn, 
Lck, Pgr, Fes, Lyn, Sm, Yrk, Fyk, Yes, Hck, and Bik. The Syk family is currently 
understood to include only Zap and Syk. The TEC family includes Tec, Btk, RIk and 

30 Itk. The Janus family of kinases is involved in the transduction of growth factor and 
proinflammatory c>4okine signals through a number of receptors. Although BTK 
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ami ITK, members of the Tec family of kinases, piay a less well understood role in 
immunobioiogy, their modulation by an inhibitor may prove therapeutically 
beneficial. The Csk family is currently imderstood to include Csk md Chk. The 
kinases RIP, IRAK-1, IRAK-2, NIK, p38 MAP kinases, Jnfc, JOKK-l mid IKK-2 are 
5 involved in the signal tiansdut^ion pathways for key pro-inflammatory cytokines, 
such as TMF and lL-1 . By virtue of their ability to inhibit one or more of these 
kinases, compounds of formula I may function as innmmomodulatory agents useful 
for the maintenance of allo^afts, the treatment of autoimmune disorders and 
treatment of sepsis and septic shock, Through (heir ability to regitlate the migration 

iO or activation of T cells, B-celis, mast cells, monocytes and neutrophils, these 

compounds coiUd be used to treat such autoimmune diseases and sepsis. Prevention 
of transplant rejection, eitl^er host versus graft tor solid organs or graft versus host 
for bone marrow, are limited by the toxicity of currently available 
Immunosuppressive agents and wonid bmefit from an efUcacious drug with 

15 improved therapeutic index. Gene targeting experiments have demonstrated the 
tssential role of Src in the biology of osteocl^ts, the ceils re^onsible for bone 
resorption. Compounds of fonnula 1, through their ability to regulate Src, may also 
be useful in the treatment of osteoporosis, osteopetrosis, Paget's disease, tumor- 
induced hypercalcemia and in the treatment of bone metastases. 

20 A number of protein kinases have been demonstrated to be protooncogenes. 

Chromosome breakage (at the itk kinase break point on chromosome 5), 
translocation as in the case of tlie Ab! gene with BCR (Philadelphia chromosome), 
truncation in instances sach as c-Kit or EGFR, or mutation (e.g., Met) result in tlie 
creation of dysregulatcd proteins converting them irom protooncogene to oncogene 

25 products. In oSher tumors, oncogenesis is driven by an autocrine or paracrine 

iigand/^wth factor receptor interactions. Members of the src-family kinases are 
t)/pically involved in downstream signal transduction thereby potentiating the 
oncogenesis and themselves may become oncogenic by ov^-expression or mutation. 
By inhibiting the pix>tein kinase activity of these proteins the disease process may be 

30 disrupted. Vascular restenosis may involve FGF and/or PDGF - promoted smooth 
muscle and endothelial cell proliferation. The ligaiid stimulation of FGFR, PDGFR, 
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IGFi-Rand c-Met in vivo is proangiogenic, and potentiates angiogeuesis dependent 
disorders. Inhibition of FGFr, PDGFr , c-Me{, or IGFl-R kinase aciivldes 
individually or in combination may be an efBcacious strategy for inliibiting tiiese 
phenomena. Thus compounds of fomiula I which inhibit the kinase activity of 
5 nonnai or aberrant c-kit, c-met, c-fms, src-tamiiy members, EGFr, erbB2, exbB4, 
BCR-Abi, PDGFr, FGFr, IGFl -R ajid other receptor or c^iosolic t>Tosine kinases 
may be of value in the treatment of benign aiid neoplastic proliferative diseases. 

In many patliologicai condiuons (fcr e.xaniple, solid prioiary tumors and 
metastases, Kaposi's sarcoma, rheumatoid arthritis, blindness due to inappropriate 

10 octilar neovascularization, psoriasis and atli eroselerosis) disease progression is 

contingent upon persistent angiogenesis. Polypeptide growth factors often produced 
by the disease tissue or associated inflammatory cells, aad their corresponding 
endothelial cell specific receptor tyrosine kinases (e.g., KDS/VEGFR-a, Flt- 
1/VEGFR-I, Tm-iriQk and Tie) are essential for the stimulation of endothelial cell 

1 5 growth, migration, organization, diSermtiation md the establishment of the 

requisite new functional vasculature. As a result of the vascular permeability Jfector 
activity of VEGF in mediating vascular hypetpcrmcability, VEGF-stimulation of a 
VEGFR kinase is also bebeved to play an important roic in the foimation of tumor 
ascites, cerebtal and p«hnonar>^ edema, pleural and pericardial effusions, delayed- 

20 type hypersensitivity reactions, tissue edema and organ dysfunction ibilowing 
traumai, bums, ischemia, diabetic complications, endometriosis, adult respirator>' 
distress syndrome (ARDS), post-caidiopulmonary bypass-related hypotension and 
hyperpermeability, and ocular edema ieadsng to glaucoma or blindness due to 
inappropriate neov^ularijsation. In addition to VEGF, recently identified VEGF-C 

25 and VEGF-D, and virally-encoded VEGF-E or HIV-Tat protein can also cause a 
vascular hypejEperoieabiiity response through tlte stimulation of a VEGFR kinase. 
KDR'^VEGFR-2 and'orTie-2 are expressed also in a select population of 
hematopoietic stem cells. Certain members of this population are pluripoteat in 
nature and can be stimulated wi th growth factors to differentiate into endothelial 

30 cells and participate in vasculogenetic angiogemc processes. For this reason these 
have been called Endothelial Progenitor Cells (EPCs) (J. Clin. Investig. J03 : 1231- 
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1236 (1 999)). In some progenitors, Tie~2 imy play a role in their recmitment, 
adhesion, regulation and difFenentiation (Blood , 43 17-4326 (! 997)). Certain agents 
according to fonnula i capable of blocking the kinase activity of endothelial cell 
specific kinases could iherefoi« inhibit disease progression involving tliese 
5 sittiatioQS. 

Vascular destabiUzation of the antagonist ligand of Tie-2 (Ang2) is beUcved 
to induce &n ^instable ■'plastic'* state in the endothelium. In tl^e presence of high 
VBGF levels a robust angiogenic response may result; however, in the absence of 
VEGF or a VEGF-related stimulus, fi-ank vessel regression and endothelial apoptosis 

JO can occur (Genes and Devel 13: 1055-1066 (1999)). In an analogous manner a Tie- 
2 kinase inhibitor can be proangiogenic or atitiangiogenic in the presence or absence 
of a VEGF-related stimulus, respectively. Hence Tie-2 iiAibitors can be employed 
with appropriate proangiogenic stimuli, such as VEGF, to promote therapeutic 
angiogenesis in situations such as wound healing, infarct and ischemia, 

15 The compounds of fonnula I or a salt thereof or pharmaceutical compositions 

containing a therapeutically effective sanouat thereof may be used in the treatment of 
pK>tein kinase-mcdiated conditiom, such as benign and neoplastic proliferative 
diseases and disorders of the immune system, as described above. For example, 
such diseases include autoimmune diseases, such as rheumatoid arthritis, thyroiditis, 

20 type 1 diabetes, multiple sclerosis, sarcoidosis, inflammatory' bowel disease, Crohn's 
disease, myasthenia gravis and systemic lupus erythematosus; psonasis, organ 
transplant rejection (eg. kidney rejection, graft versus host disease), benigi^ and 
neoplastic proliferative diseases, himian cancers such as lung, breast, stomach, 
bladder, colon, pancreas, ovarian, prostate and rectel cancer and hematopoietic 

25 malignancies (leukemia and lymphoma), and diseases involving inappropriate 
vascularization for example diabetic retinopatliy, retinopathy of prematurity, 
choroidal neovascularization due to age-related macular degeneration, and infantile 
hemangiomas in human beiiigs. In addition, such inhibitors may be useftil in the 
treatment of disorders involving VEGF mediated edema, ascites, ef&sions, miA 

30 exudates, including for example macular edema, cerebral edema, acute lung injury 
and adult respiratory distress syndrome (ARBS). 
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The compounds of the present invmtion may also be usefiii i n the 
prophylaxis of tiie above diseases, 

II is envisaged that the disorders listed above are mediated to a sigiiificant 
extent by protein tyrosine kijiase activity involving the VEGF receptors (e.g. KDR, 
5 Fit-1 and/or Tie-2). By inhibiting the activity of these receptor tyrosine kinases, the 
progression of the listed disorders is iiiliibited becatjse the angiogenic componait of 
the disease state is severely curtailed. The action of tlie compounds of tltis 
invention, by their selectiviry- for specific t>TOsine kinases, resuh in a minimization 
of side effects that would occur if less selective tyrosine kin^e inliibitors were used. 
1 0 in anofcer aspect the present invention provides compounds of formula I as 

defined imtially above for use as medicaments, particuiarly as inhibitors of protein 
kinase activity for example tyrosine kinase activity, serine kinase activity and 
threonine kinase activity. In yet another aspect the present invention provides tk& 
use of compounds of formula i as defined initially above in tiie manufacture of a 
1 5 medicament for use in the inhibition of protein kin^e activity. 

in this invention, the following definitions are ^pHcable: 

"Physiologically acceptable salts" refers to those salts which retain the 
biological effectiveness and properties of the free bases and which are obtained by 
reaction with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric 
20 acid, nitric acid, phosphonc acid or organic acids such as ar>4-siilfbnic acid, 

carboxylic acid, organic phosphoric acid, methanesulfonic acid, ethanesulfonic acid, 
p-toluenesulfonic acid, salicylic acid, lactic acid, tartaric acid maleic acid, and the 
like. 

"Alkyi" refers to a satwated aliphatic hydrocarbon, including straight-chain 
25 and branched-chain ^ups having 1 to 6 carbons or cyclic hydrocarbons having 3 to 
6 carbotis. 

" Alkoxy" refers to an "O-alkyl" group, where "alkyl" is defined as described 

above. 

30 

Phamaceutical Formulations 
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The compounds of this iaventiou can be admjiiistered to a human pat ient by 
fiiemselves or in pharmaceutical compositions where tliey ar« mixed with suitable 
carriers or excipient{s) at doses to treat or aineiiorate vascular hyperpesmieability, 
edema and associated disorders. Mixtures of these compounds can, also be 
5 administered to the patient as a simple mixture or in suitable formuktetl 

pharmaceutical compositions, A thsarapeuhcally effective dose further refers to that 
amount of the compound or compounds sufficient to result in the prevention or 
attenuation of injqjpropriate neovascularization, progression of hyperproHferative 
disorders, edema, VEGF-associated hyperpenneability and/or VEGF-related 
10 hj'potenslon. Techniques for formulation and adiiiinistration of the compounds of 
the instant application may be found in "Remington's Pharmaceutical Sciences," 
Mack Publishing Co., Easton, PA, latest edition. 

Routes of Administration 

15 Suitable routes of adnunistralion may, for example, include oral, eyedrop, 

rectal, transmucosal, topical, or intestinal administration; parenteral delivery, 
including intramuscular, subcutaneous, mtreanedullary injections, as well as 
intrathecal, direct intraventricular, intmvenous, intn^eritoneal, intranasal, or 
intraocular injections. 

20 Alternatively, one may administer the compound in a local rather than a 

systemic manner, for example, via injection of tlie compound directly into an 
edematous site, often in a de|>ot or sustained release formulation. 

Furthemiore, one may administer the drug in a targeted drug delivery system, 
for example, m a liposome coated with endothelial cell-specific antibody. 

25 

Composition/Formulation 

The pharmaceutical compositions of the present invention may be 
nranufacttired in a manner that is itself known, e.g., by means of conventional 

mixing, dissolving, granulating, dragee-making, levigating, lamulsifying, 
Ki encapsulating, entrapping or iyophiliang processes. 

Pharmaceutical compositions for use in accordance with the present 
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invention thus may be formulated in conventional manner nsing one or more 
physiologically acceptable carriei^ comprising excipients and auxiliaries which 
facilitate processing of the active compounds into prepai atioiw which can be used 
pharmaceuticaily. Proper forajulation is dependent upon the route of administration 
5 chosen. 

For injection, Sie agents of the invention may be fomiulated in aqueous 
solutions, preferably in physioiogically compatible buffers such as Hanlcs's solution, 
Ringer's solution, or physiological saline buffer. For transmacosal admimstration, 
perietrants appropriate to The barrier to he penneated are used in the fonnuktion, 

10 Such penetrants are generally known in the arl. 

For oral administration, the compounds can be formulated readily by 
combimng tlie active compounds with pharmaceuticaily acceptable can-iers well 
known in the art. Such earners en^le the compounds of the invention to be 
fonnulated as tablets, pills, dragees, capsule, liquids, gels, symps, slurries, 

1 5 suspensions and the like, for orai ingestion by a patient to be treated. 

Pharmaceutical preparations for oral use can be obtained by combining the active 
compound with a solid excipient, optionally grinding a resuhing mixture, and 
processing the mixture of granules, after adding suitable auxiliaries, if desired, to 
obtain tablets or dragee cores. Suitable excipients are, in pailicijlar, fillers such as 

20 sugars, mciuding lactose, sucrose, manmiol or sorbitol; cellulose preparations such 
as, for example, maize starch, wheat starch, nee starch, potato starch, gelatin, gum 
tragacanth, methyl cellulose, hydroxypropyimetliyl-ceilulose, sodium 
carboxymethyicelkiose, and/or polyvinylpyrrolidone (PVP). if desired, 
disintegrating agents may be added, such as the cross-Ktdted polyvinyl pjtrolidone, 

25 agar, or alginic acid or a salt thereof such ss sodium alginate. 

Dragee cores are provided wiai suitable coatings. For this purpose, 
concentrated sug^ solutions may be used, which may optionally contain gum arabic, 
talc, polyvinyl pyrrolidone, carbopol gei, polyethylene glycol, and/or titanium 
dioxide, lacquer solutioris, and suitable organic solvents or solvent mixtures. 

30 Dyestuffs or pigments may be added to the tablets or dragee coatings for 

identification or to characterize different combinations of active compomid doses. 



wo 66/17202 



PCT/US99/21S36 



Phamiaceutical preparations which can be used oraliy include pusii-fit 
capsules made of gelatin, as well as soft, sealed capsales made of gelatin and a 
plastictzer, such as glycerol or soibitol. The push-fit capsules can contain tlie active 
ingredients in admiscture with filler such as lactose, bindei^ such as starches, and/'or 
5 lubricants such as talc or magnesium stearale and, optionally, stabilizers. In soft 
capsules, the active compounds may be dissolved or suspended in suitable liquids, 
such as fatty oi!s, liquid parafim, or liquid polyethylene glycols. In addition, 
stabilizers may be added. All fonnulations for oral administration should be in 
dosages suitable for such administration. 

10 For buccal administration, the compositions may take the forrn of tablets or 

lozenges formulated in conventional manner. 

For administration by inhalation, the compounds for use according to the 
present invention are conveniently deli vered in the fonn of an aerosol spray 
presentation from pressuruied packs or a nebuliser, with the use of a suitable 

1 5 propellant, e,g., dichlorodifluoiomethane, trichiorofiuoromelhane, 

dichlorotetiBfluoroethane, carbon dioxide or other suitable gas. In the case of 
pressurized aerosol the dosage unit may be determined by providing a valve to 
deliver a metered amount. Capsules and cartridges of e.g. gelatin for vt&o m an 
inhaler or insufflator may be formulated containitig a powder mix of the compound 

20 and a suitable powder base such as lactose or starch. 

The compounds can be fomiulated for parenteral administration by iiiiection, 
e.g. boius injection or continuous infusion. Fonnulations for injection may be 
presented in unit dosage form, e.g,in ampoules or in multi-dose containers, with an 
added preservative. The compositions may take sudi forms as suspensions, 

25 solutions or emulsions in oily or aqueous vdiicles, and may contain formulatory 
agents such as suspending, stabilizing and/or dispersing agents. 

Phamiaceutical formulations for parenteral administration include aqueous 
solutions of the active compouixds in water-soluble form. Additionally, suspensions 
of the active compounds may be prepared as appropriate oily injection suspensions. 

30 Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or 
synthetic fatty acid esters, such as ethyl oleate or triglycerides, or liposomes. 
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Aqueous injection suspensions may contain substances which increase the viscosity 
of the sospenston, such as sodium carboxymethyi cellulose, sorisitol, or dextmj. 
Optionally, the suspeansion may also contain suitable stabilizers or agents which 
increase the solubi lity of the compounds to allow for the prepm-ation of highly 
5 concentrated solutions. 

Alternatively, the active ingredient may be in powder form for constitution 
with a saitabie vehicle, e.g., sterile pyrogen-free water, before use. 

The compoiuids may also be formulated in jrectal compositions such as 
suppositories or retention enemas, e.g., containing conventional suppository bases 

1 0 such as cocoa butter or other glycerides. 

.Tn additioB to the formulations described previousiy. the compounds may 
afeo be fonnalated as a depot preparation. Such long acting formulations may be 
administered by implantation {for example subcutaneously or tntraniuscularly or by 
intramuscular injection). Thus, for example, the compounds may be formulated with 

1 5 suitable polymeric or hydrophobic materials {for example as an emulsion in an 
acc^table oil) or ion exchange resins, or as sparingly soluble derivatives, for 
example, as a sparingly soluble sedt. 

An example of a pharmaceutical carrier for the hydrophobic compounds of 
the invention is a cosolvent system comprising benzyl alcohol, a nonpoiar stu-factant, 

20 a water-miscible organic polymer, and aa aqueous phase. The cosolvent system may 
be the VPD co-solvent system. VPD is a solution of 3% w/v benzyl alcohol, 8% 
w/v of the nonpoiar surfactant polysorbaie 80, and 65% w/v polyethylene glycol 
300, made up to volume in absolute ethanol. The VPD co-solvent system 
(VPD:5W) consists of VPD diluted 1 ; 1 with a 5% dextrose in water solution. This 

25 co-solvent system dissolves hydroplK>bic compoimds well, and itself produces low 
toxicity upon systemic adminishration. Naturally, the proportions of a co-solvent 
system may be varied considerably without destroying its solubility and toxicity 
characteristics. Furthermore, the identity of the co-solvent components may he 
varied: fox example, other low-toxicity nonpoiar surfactants may be used instead of 

30 polysorbate SO; tlie finaction size of polyethylene glycol may be varied; other 
biocompatible polymers may replace polyethylene glycol, e.g. polyvinyl 
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pym>Udone; and other sugars or polysaccharides may substitute for dextrose. 

Altermtively, other delivery systems for hydrophobic pharmaceutical 
compounds may be employed. Liposomes and emulsions aie well kaovm examples 
of deUvery vehicles or carriers for hydrophobic di-ugs. Certain organic solvents such 

5 as dimethysulfoxide also may be empioyed, although ustially at the cost of greater 
toxicity. Additionally, tiie compounds may be delivered usmg a sustained-release 
system, such as semipermeable matrices of solid hyilrophobic polymers containing 
the therapeutic agent. Various sustained-release materials have been established and 
ai-e well known by tiiose skilled in the an. Sitstained-reiease capsules may, 

10 depending on their chemical nature, release tlie compounds for a few weeks up to 
over 100 days. Defending on the chemical nature and tlie biological stabihty of the 
therapeutic reagent, additional strategies for protein stabilization may be employed. 

The phannaceuticai compositions also may comprise suitable solid or gd 
phase carriers or excipients. Examples of such carders or excipients include but are 

1 5 not limited to calcium carbonate, calcium phosphate, various sugars, starches, 
cellulose derivatives, gelatin, and polymers such as polyethylene glycols. 

Many of the compounds of the invention may be pro\'ided as salts with 
pharmaceutically compatible coimterions. Pharmaceutically compatible salts may 
be formed with many acids, including but not limited to hydrochloric, sulfuric, 

20 acetic, lactic, tartaiic, xmlk, succmK% etc. Salts tend to be more soluble in aqueous 
or other protonic solvents than are the corresponding free base forms. 

Effective Dosage 

Pharmaceutical compositions suitable for use in the present invention include 
25 compositions wherein the active ingredients are contained in an effective amount to 
achieve its intended purpose. More specifically, a therapeutically effective amount 
means an amount effective to prevent development of or to alleviate the existing 
symptoms of the subject being treated. Determinaaon of the effective amounts is 
well witlnn the capability of those skilled in the art. 
30 For any compound used in the method of the invention, tiie therapeutically 

effective dose can be estimated initially from cellular assays. For example, a dose 
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can be fonii«1ated in ceUuiar and animal models to achieve a circulatiag 
concentration range that inciudes the ICjo as determined in ceUuiai- assays (i.e., the 
conceritmtioa of the test compound which achi eves a half-maximal inhibition of a 
given protein kinase activity). In some cases it is appropriate to deteraiine the ICjo 
5 in the presence of 3 to 5% serum albumin since such a detemiination approximates 
the binding effects of plasma protein on the compound. Such infomiatioB can be 
used to more accurately determine useful doses in humans, Ftsrlher, ths most 
preferred compounds for systemic administration effecJiveiy isFiJiibit protein kinase 
signaling in intact cells at levels that are safely aciiievabie in plasma, 

10 A therapeuticallj^ e ffective dose refers to tliat amoun t of the compound that 

results in amelioration of symptoms in a patient. Toxicity and therapeutic efficacy 
of such compounds can be determined by standard phannaceutical procedures in cell 
cultures or experimental animals, e.g., for determining the maximum tolerated dose 
(MTD) and the EDj^ (effective dose for 50% maximal response). The dose ratio 

15 between toxic and ther^eutic effects is the therapentic index and it can be expressed 
as the ratio between MTD and ED^,, Compounds vsfhich exhibit high therapeutic 
indices are preferred. The data obtained from these cell culture assays and animal 
shidies can be used in formulating a range of dosage for use in humans. The dosage 
of such compounds lies preferably within a range of circulating concentrations that 

20 include the EtK., with little or no toxicity. The dosage may vary within this range 
depending upon the dosage form employed atul the route of administration utilized. 
The exact foraiulation, route of administration and dosage can be chosen by tiie 
individual physician in view of the patient's condition, (See e.g. Fing! et at , 1 975, in 
"The Phannacological B^is of Therapeutics", Ch. 1 pi). In the treatment of crises, 

25 the administration of an acute bolus or an infusion approaching the MTD may he 
required to obtain a rapid response. 

Dosage amount and interval may be adjusted individually to provide plasma 
levels of the active moiety which are sufficient to maintain the idnase modulating 
effects, or minimal effective concentration (MEC), The MEC will vary for each 

30 compound but can he estimated from in vitro data; e.g. the concmtration necessary 
to achieve 50-90% inhibition of protein kinase using the assays described herein. 
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Dosages necessaiy to achieve the MEC wiil depend on individual characteristics and 
route of administration. However, HPLC assays or bioassays cm be used to 
determine plasma concentrations. 

Dosage intervals can also be determined using the MEC value. Compounds 
5 should be administered using a regimen which maintains plasma levels above the 
MEC for 10-90% of the time, preferably between 30-90% and most preferably 
between 50-90% until tlie desired amelioration of symptoms is acbieved. In cases of 
local administration or selective uptake, the effective local concentration of tlie 
di-u.ginay not be related to plasma conceairatton. 
10 The amount of composition administered will of course, be dependent on the 

subject being treated, on the subject's weight, the severity of the affliction, the 
manner of administration and the judgment of the prescribing physician. 
Packaging 

The compositions may, if dtssixed, be presented in a pack or dispenser device 
15 whicli may contain one or more nnit dosage forais containing the active ingredient 
The pack may for example comprise metal or plastic foil, such as a blister pack. Hie 
pack or dispenser device may be accompanied by instructions for administration. 
Compositions ctanprising a compouiid of the invention formulated in a compatible 
pharmaceutical carrier may also be prepared, placed in an appropriate container, and 
20 labeled for treatment of an indicated condition. 

In some fomiuktions it may be beneficial to use the compounds of the 
pre sent invention in the form of particles of very small size, for ex ample as obtained 
by fluid energy milling. 

'Die use of compounds of the present invention in the manufacture of 
25 pharmaceutical compositions is illustrated by the following description. In this 

description the term ''active compound" denotes any compoimd of the invention but 
paiticulariy any compound which is the final product of one of the preceding 
Examples. 

30 a) Capsules 



wo 09/17202 



PCT/US99/21S36 



-43- 



In the preparation of capsules, 10 parts by %veight of active compound and 
240 parts by weight of lactose caii he de-aggregated and blended. The mixture can 
be filled into hard gelatin capsules, each capsule contaimag a timt dose or part of a 
unit dose of active corapoimd. 

b) Tablets 



Tableis can be prepared from the following ingredients. 

Parts by weight 

Active compouiKl 10 

Lactose 190 

Maize starch 22 

Polyvinylpymslidone 10 

Magjiesium stearate 3 

The active compound, the lactose and some of the starch can be de- 
aggregated, blended and the lesultitig mixture can be granulated with a solution of 
the polyvmyi- pyrrolidone in ethanol. The dry granulate can be blended with the 
magnesium stearate and the rest of the starch. The mixture is then compressed in a 
tablcttiiig machine to give tablets each containing a unit dose or a part of a unit dose 
of active compound. 



c) M^Tig coated tablets 



Tablets can be prepared by the mefliod described in (b) above. The tablets 
25 can be enteric coated in a conventional manna- using a solution of 20% cellulose 
acetate phthalate and 3% diethyl phliialate in ethanol;dichioromef!iane (1:1). 

d) $upposhotie? 

la the preparatioii of suppositories, 100 parts by weight of active compound 
30 can be incorporated in 1300 parts by weight of triglyceride suppository base and the 
mixture formed into suppositories each containing a (herapeuticdly effective amount 
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of acdve ingiedient. 

Ill the compositions of the present invention the active compotirtd may, if 
desired, be associated with other compatible phamiacologically active ingredients. 
For example, the compounds of this invention can be administered in combination 
5 with one or more additional phannaceutical agents that inhibit or prevent the 

production of VEGF or aixgiopoietins, attenuate ia^aceiluJar responses to VEGF or 
aiigiopoieiins, block iiitracellulai- signal ttaiisdiictiori, iiiiiibit vascular 
h>'perpeniieabi]ity, reduce inflammaiion, or inliibit or prevent the formation of 
edema or neovascularization, Tlie compounds of the invention can be administered 

iO prior to, subsequent to or simultaneously with the additioual phannaceuticai agent, 
whichever course of administration is appropriate. Ttje additional pharmaceutical 
agents include but are not limited to anti-inflammatory or anti-edemic steroids, 
NSAIDS, ras itiMbitors, anti-TNF agents, anti-ILl agents, antihistamines, PAF- 
antagonists, COX-1 inhibitois, COX-2 inhibitors, NO sj'nthase inhibitors, Akt/PTB 

15 inhibitors, IGF-IR inliibitors, PKC inhibitors and PI3 kinase inhibitors. The 
compounds of the invention and the additional pharmaceutical agents act either 
additively or synergisticaliy. Thus, the administration of such a combination of 
substances that inhibit aiigiogen^s, v^ular hyperperaieabiUty and/or inhibit the 
formation of edema can provide greater relief from the deletrious effects of a 

20 hypeipmliferative disorder, angiogenesis, vascular hyperpenneabiiity or edema than 
tiie administration of eitiier siibstance alone. In the treatment of malignant disorders 
combinations with antiproliferative or cjrtotoxic chemotherapies, hyperthermia, 
hyperoxia or radiation are anticipated. 

The present invaition also comprises the use of a compound of formula i as a 

25 medicametit. 

A further aspect of the preset invention provides the use of a compound of 
formula I or a salt thereof in the manufacture of a medicament for treating vascular 
hyperpenneabiiity, angiogenesis-dependent disorders, prolifaradve disea.ses and/or 
disorders of tlie immune system in mammals, particularly human beings. 

30 The present invention also provides a metiiod of treating vascular 

h^'perpermeability, inappropriate neovascularization, proliferative diseases and/or 
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disorders of the immune system which comprises the ad«iinistration of a 
thempeiitically sffective amount of a compound of formtda I to a mamnjal, 
particularly a humaii being, in need thereof. 

The in vitro potency of (x>mpoimds in inhibiting these protein kinases may be 
5 determined by the procedures detailed below. 

The potenc y of compounds can be determined by the amount of inhibition of 
the phosphoiy ktion of an exogenous substrate (e.g., synthetic peptide (Z. Songyang 
et aL, Namre, 373:536-539) by a test compound relative to control, 

10 KDR T>Tosine Kinase Production Using Baculovirus System : 

The coding sequence for the hisnm KDR intra-cellular domain (aa789-I354) 
was generated through PCR using cDNAs isolated from HUVEC cells. A poly-His6 
sequence was introduced at tiie N-tenninus of this protein as well. This fragment 
was cloned into transfection vector pVL1393 at the Xba I and Not 1 site, 

1 5 Reconibinant baculovirus (BY) was generated through co-transfection using the 
BaculoGoid Transfection reagent (PharMingen). Recombinant BV was plaque 
ptiritled and verified ferough Western analysis. For protein production, SF-9 cells 
were grown in SF-900-1}. medium at 2 x 106/mL and were infected at 0.5 plaque 
forming units p«r cell (MOi). Cells were harvested at 48 hours post infection, 

20 

Piirification of KDR 

SF-9 cells expressing (Hi,s)^KDR(aa789~l 354) were lysed by adding 50 ml of 
Triton X-100 lysis buffb- (20 mM Tris, pH 8.0, 137 mM NaCi, 10% giyccml, 1% 
Triton X-100, IniM PMSF, lOjW-g/^iJ aprotinin, 1 ;.ig/ml leupq>tin) to the cell pellet 

25 &om IL of cell caitnre. The lysate was centriiuged at i 9,000 ipm in a Sorval SS-34 
mtor for 30 min at 4''C. The cell iysate was applied to a 5 ml NiClj chelating 
sepharose column, equilibrated witii 50 mM HEPES, pH7.5, 0.3 M NaCL KDR was 
elated using the same buffer containing 0.2S M imidazole. Column tractions were 
analyzed using SDS-PAGE and an ELISA assay ("below) which measures kinase 

30 activity. The puiified KDR was exchanged into 25mM HEPES, pH7.5, 25mM 
NaCI, 5 mM D'VT buffer and stored at -SOX. 
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Human Tie-2 Kinase Productio« and Pufificatioa 

The coding sequ^ice for the human Tie-2 mtra-cellular domam (aa775-H24) 
was generated through PCR using cDNAs isolated from human placenta as a 
5 template. A poly-HiSs sequaice was introduced at the N-teminus and this constnict 
was cloned into transfection vector pVL 1939 at the Xba 1 and Not 1 site. 
Recombinant BV was generated tlirough co- transfection using the BacubGold 
Transfection reagent (PharMingen). Recombinant BV was plaque purified and 
verified through Western analysis. For protein production, SF~9 insect cells were 
10 grown in SF-900-n medium at 2 x 106/ttil, and were infected at MOl of 0,5 . 
Purification of the His-tagged kinase used in screeaaing was analogous to that 
described tor KDR. 



H«man Flt-l lyrosine Kinase Production and Purification 
i 5 The baculoviral expression vector pVLI 393 (Phar Mingetj, Los Angeles, 

CA) was used. A nucleotide sequence encoding poly-His6 was placed 5* to the 
nucleotide region encoding the entire intracellular kinase domain of hnmau Fit-1 
(amino acids 7S6-1 338). The nucleotide sequence encoding the kinase domain was 
generated through i*CR using cDNA libraries isolated fix>m HUVEC cells. The 
20 histidine residues enabled affinity purification of tl-je protein as a manner analogous 
to that for KDR and ZAP70. SF-9 insect cells were intected at a 0.5 muitiplici ty 
and harvested 48 hours post infection. . 



EGFR Tyrosine Kinase Source 
25 EGFR was purchased from Sigma (Cat # E-.^641 ; 500 umts/50 ^1) and the 

EGF ligand was acquired from Oncogene Research Products/Caibiochem (Cat # 
PFOiMOO). 
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Expression of ZAP70 

llie bacuiovirai expression vector used pVLi393, (Pharmingea, Los 
Attgeies, Ca.) The nucleotide sequence encoding amino acids M(H)6 LVPR,S was 
placed 5' to the region encoding the entirety of ZAP70 (amino acids 1-619). The 
5 nucleotide sequence encoding the ZAP70 coding region was generated tlnough PCE 
using cDNA libraries isolated 3Sx)m Jurkat inunortaiized T-cells. The Mstidine 
residues enabled affinity purification of the protein {vide infra). The L.VPRt,S bridge 
constitutes a recognition sequence for proteolytic cleavage by tiHX>inbin, enabling 
removal of the affinity tag from the enzyme, SF-9 insect cells were infected at a 
1 0 ronltipiicity of infection of 0.5 and han'^ested 48 hours post infection. 

Extraction and purification of ZAP70 

SF-9 cells were lysed in a buffer consisting of 20 niM Tris, pH 8,0, 1 37 mM 
NaCl, 10% glycerol, 1% Triton X400, 1 inM PMSF, 1 pig/ml leupeptin, 10 ^g/ml 
15 aprotiniu and 1 mM sodium oithovanadate. The soluble lysaie was applied to a 
chelating sephamse HilVap column (Pharmacia) equiUbrated in 50 mM HEPES, pH 
7.5, 0,3 M NaCl. Fusion protein was eluted with 250 mM imidazole. The enzyme 
was stored in buffer containing 50 mM PIEPES, pH 7.5, 50 mM NaCl and 5 inM 
DTT. 

20 

Protein kinase source 

Lck, ¥yn, Src, BIk, Csk, and Lyn, and truncated forms thereof may be 
commercially obtained ( e.g. &om Upstate Biotechnology Inc. (Sai anac Lake, N.Y) 
and Santa Cruz Biotechnology Inc. (Santa Cruz, Ca.)) or purified from known 
25 natoral or recombinant sources using conventional methods. 

Enzyme Linked Immunosorbent Assay (ELISA) Fca- PTKs 

Enzyme linked immunosorbent assays (ELISA) were used to detect and 
measure the presence of tjTosine kinase activity. The ELIS A were conducted 
30 according to known pi-otocols which are described in, for example, Volier, et al, 

1980, "Enzyme-Linked Immunosorbent Assay," In; Manual of Clinical Immunology, 
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2d Bit, edited by Rose aad Friedinaji, pp 359-371 Am. Soc. of Microbioiogy, 
WasMiigton, D,C. 

The disclosed protocol was adapted for dsiewammg activity with respect to a 
specific PTK. For example, preferred protocols for conducting the ELISA 
5 experiments is provided below. Adaptation of these {Hxstocols for detemiiniBg a 
compound's activity for other members of the recqstor PTK family, as well as non- 
receptor tyrosine kinases, are well within the abilities of those in the art. For 
purposes of determining inliibitor selectivily, a universal PTK substrate (e.g., 
random copolymer of poly(Glii4 Tyr)^ 20,000-50,000 MW) was employed together 
10 with ATP (t>pical{y 5 uM.) at concentrations approximately mice the apparent Km 
in the assay. 

The following proc^xlure was used to assay the inhibitor^' effect of 
compounds of this invention on KDR, FIt-l, Tie-2, EGFR, FGFR, PDGFR, IGF-1- 
c-Met, Lck, Bik. Csk, Src, Ly«> Fyn and ZAP70 tyrosine kinase activity; 

15 

Buffers and Solutions: 
PGTPoly(Giu;ryr)4:l 

Store powder at -20"C. Dissolve powder in phosphate buffered saline (PBS) for 
SOmg/ml solution. Store 1 ml aliqaots at -20*'C, When making plates dilute to 

20 250,ag/ml m Gibco PBS. 

Reaction Buffer; lOOniM Hq>es, 20mM MgCI,, 4raM MnClj, 5mU DTT, 
0.02'?4BSA, 200//M NaV04, pH 7.10 

ATP; Store aiiquots of lOOmM at -20''a Dilate to 20^M in water 
Washing Buffer: PBS with0.1%TWeeii20 
25 Antibody Diluting Buffer: 0. J% bovine serum albumin (BSA) in PBS 

TMB Substrate: mix TMB substrate and Peroxide solutions 9:1 just before use or 
use K-Blue Substrate from Neogea 
Stop Solution: IM Phosphoric Acid 

30 

Procedure 
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1. Plate Preparation; 

Dilute PGT stock (50ing/'ml, froxen) in PBS to a 250,ug/ml. Add 125.i£l per well of 
Coming modified Hat bottom high affinity EUSA plates {Coming #25805-96), Add 
1 25^1 PBS to blank wells. Cover with sealing tape and incubate overnight 3TC. 
5 Wash Ix with 250jul washing buffer and dry for about 2hrs in 37"C dry incubator. 
Store coated plates in sealed bag at 4*C until used. 

2. T>Tosine Kinase Reaction: 

-Prepare iiiliibitor solutions at a 4x concentration in 20% DMSO in water, 
1 0 -Prepare reaction buffer 

-Prepare enzyme solution so fiiat desired units are in 50/^1, o,g. for KDR make to 1 

ng//il for a total of 50ng per well in the reactions. Store on ice. 

-Make 4x ATP solution to 20jiiM frons lOOmM stock in water. Store on ice 

'Add 50jul of the enzyme solution per well (lypicaUy 5-50 ng enzyme/well 
1 5 depending on the speci fic activity of the kinase) 

-Add 25,,ul 4x inhibitor 

-Add ZSm^ 4x ATP for inhibitor assay 

-Incubate for 10 minutes at room temperature 

-Stop reaction by adding 50.al 0.05N HCl per weU 
20 -Wash plate 

**Fina! Concentrations for Reaction; ATP, 5% DMSO 

3. Antibody Binding 

-Dilute img/mi aliquot of PY20-HRP (Pierce) antjbody(a pbos^hotyrosine 
25 ajtihody)to 50ng/m! in 0. 1 % BSA in PBS by a 2 step dilution ( lOOx, then 200x) 
-Add lOOwl Ah per well. Incubate 1 hr at room temp. Incubate Ihr at 4C. 

-Wash 4x plate 

4. Color reaction 

-Prepare TMB substrate and add lOO/ul per well 
30 -Monitor OD at 650«m until 0.6 is reached 

-Stop with IM Phosphoric acid. Shake on plate reader. 
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-Read OD immediately at 450nm 

Optimal incubation times and enzyme reacdon conditions vary slightly with 
ensiyme preparations and are d^ermined empiiicaily for each lot. 

For Lck, the Reaction Buffer utilized was 100 mM MOPSO, pH 6.5, 4 bjM 
5 MiiCl,, 20 mM MgCl,, 5 inM DTT, 0.2% BSA, 200 mM NaVO, under the 
analogous assay conditions. 

Compounds of formula I may have therapeutic utility in tlie treatment of 
diseases involving both identified, including those not mentioned herein, and as yet 
unidmtified protein tyrosine kinases which are inhibited by compoimds of fomiuia I. 
10 All compounds exemplified herein significajitly inhibit eitiier FGFR, PDGFR, 

KDR, Tie-2, Lck, Fyn, Blk, Lyn or Src at concentradons of .50 micromolar or below. 
Some compounds of this invention also significaiitiy inhibit othef t^Tosine or 
serine/threonine kinases such as cdc2 (cdkl) at concentrsdons of 50 micromolar or 
below. 

15 

Cdc2 source 

The human recombinant enzyme and assay buffer may be obtained 
commercially (New England Biolabs, Beverly, MA. USA) or purified from loiown 
natural or recombinant sotirces using conventional methods. 

20 

Cdc2 Assay 

The protocol used was that provided with the purchased reagents with minor 
modifjcation,s. In brief, the reaction was carried out in a buffer consisting of 50mM 
Tris pH 7.5, lOOmM NaCl, ImM EGTA, 2mM DTT, 0.01% Brij, 5% DMSO and 

25 lOmM MgClj (commercial buffer) supplemented witli fresh 300 /iM ATP (31 

,uCi/ml) and 30 wg/ml histone type Hiss final concentrations. A reaction volume of 
80^^L, containing units of enzyme, was run for 20 minutes at 25 degrees C in the 
presence or absence of inhibitor. The traction was tenninated by the addition of 
120,txL oflO% acetic acid. The substrate was separated from unincoiporated label 

30 by spotting the mixture on phosphocellulose paper, followed by 3 waslies of 5 

minutes each with 75mM phosphoric acid. Counts were measured by a betacotmter 
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in the presence of liquid scintMl^t. 

Certain compounds of this invention significaatly inhibit cdc2 at concentrations 
below 50 uM. 

5 

PKC kinase source 

The catalytic subunit of PKC may be obtaiised commercially (Calbiochem). 

PKC kinase assay 

10 A radioactive kinase assay was e,rijp!oyed following a publislied proc-ediire 

(Yasuda, L, Kirshimoto, A., Tanaka, S., Toininaga, M,, Sakurai, A., Nislvizuka, Y, 
Biochemical and Biophysical Resmrdi Communication 5:166, 1220-1227 (1990)). 
Briefly, all reactions were per&rraed in a kinase buffer consisting of 50 mM Tris- 
HCl pH7.5, lOmM MgCl^, DTT, IniM EGTA, 100 yM ATP, 8 iM. peptide, 

1 5 5% DMSO and ^'P ATP (8Ci/mM). Compound and enzyme were mixed in the 
reaction vessel and the reaction initiated by addition of tfie ATP and substrate 
mixtui-e. Following termination of the reaction by the addition of 10 i£L stop buffer 
(5 oM ATP in 75mM phosphoric acid), a portion of the mixture was spotted on 
phosphoceHulose filters. The spotted samples were washed 3 tim^ in 75 mM 

20 pliosphoric acid at room temperatare for 5 to 15 minutes. Incorporation of 
radio label was quantified by liquid scintillation counting. 

Brk2 enzyme source 

The recombinant murine enzyme mA assay bufler may be obtained 
25 commercially (New England Biolabs, Beverly MA, US A) or purified from known 
natural or recombinant sources using conventional methods, 

Erk2 enzj'me assay 

In brief, die reaction was carried out in a buffer consisting of 50 mM Tris pH 
30 7.5, ImM EGTA, 2mM DTT, 0.01% Brij, 5% DMSO and 10 mM MgCK 

(commercial btiffer) supplemented with fresh 100 ^M ATP (31 ^CilmX) and 30jwM 
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myelin basic protein tinder conditions recoaimended by the suppiier . Reaction 
volumes and method of assaying incoiporated radioactivity were as described for the 
PKC assay (vide supra), 

5 In Vitro Models for T-cell Activation 

Upon activatioti by mitogen or antigen, T-cells are induced to secrete IL-2, a 
growth factor tiiat supports their subsequent proliferative phase. Therefore, one may 
measure either production of IL-2 from or cell proliferation of, primary T-cells or 
appropriate T-cell lines as a surrogate for T-ceil activation. Both of these assays are 

10 well described in the literaUire and their paiamelem well documented (in Current 
Protocols in Immunology, Vol 2, 7.10J-7.1 1.2). 

in brief, T~cells may be activated by co-cuiture with allogenic stimulator 
cells, a process termed the one-way mixed lymphophocyte reaction. Responder and 
stimulator peripheral blood mononuclear cells are purified by Ficoll-Hypaque 

1 5 gradient (Pharmacia) per directions of the maBaufecturer. Stimulator ceils are 
mitotically inactivated by treatment with mitomycin C (Sigma) or gamma 
irradiation, Responder and stimulator cells are co-cultored at a ratio of two to one in 
the presence or absence of the test compound. Typically 1 0* lesponders are mixed 
with 5 X 10* stimulators and plated (200 ^1 volume) in a U bottom mtcrotiter plate 

20 (Costar Scientific). The cells are cult«red in RPMl ! 640 supplemented witli either 
he-at inactivated fetal bovine serum (Hyclone Laboratones) or pooled human AB 
serum fmm male donors, 5 x 10'' M 2mercaptoethanol and 0.5% DMSO, The 
cultures are pulsed with 0.5 /uCi of thymidine (Amei^am) one day prior to 
harvest (typically day three). The cultures are harvested (Betaplate harvester, 

25 Wallac) and iisotope uptake assessed by liquid scintillation (Betaplate, Wallac). 

The same culture system may be used for assessing T-cell activation by 
mej^urement of IL-2 production. Eighteen to twenty-four hours after culture 
initiation, the supernatants are removed and tlie IL-2 concentration is measured by 
ELIS.Ai (R. and D Systems) following tJie directions of the manufacturer. 

30 



In-viVQ Models of T-Cell Activation 
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The in vivo efficacy of compounds caii be tested in aniiual models known to 
directly measure T-cell activation or for which T-cells have faeen proven the 
effectors. T-celis can be activ^ed in viva by ligation of the constant portion of tiie 
T-cell reenter wife a monoclonal anti-CD3 antibody (Ab). In tiiis model, BALB/c 
5 mice are given lOjug of anti-CD3 Ab jntraperitoneally two hours prior to 

exsanpiinatjon. Aiiimais to receive a test drug are pre-treated with a single dose of 
the compound one hoijr prior to anti-CD3 Ab admmistratioti. Serum levels of ti^e 
proinflainmatory cytokines mterferon-y (IFH- y) aiid tumor necrosis 
factor-a(TNF-a), indicators of T-cell activation, are measufed by EIJSA, A similar 

1 0 model ©Enploys in vivo T-cell priming with a specific antigen such as keyhole limpet 
hemocyanin (KLH) followed by a secondary in vitro challenge of draining lymph 
node cells with the same antigen. As previously, measuronent of cytokine 
production is tised to assess the activation state of the cultured celk. Briefly, 
C57BL/6 mice are imnnmized subcutaneously with 1 00 MS KXH emulsified in 

1 5 complete Freond's adjuvant (CFA) on day zero. Animals are pre-treated with the 
compound one day prior to iBiniunization and subsequently on days one, tvs^o and 
three post immunization . Draining lymph nodes are harvested On day 4 and their 
ceils cultured ai 6 x lifpsx rm m tissue culture medium (RPMI 1640 supplemented 
wish heat imictivated fetal bovine iserum (Hyclone Laboratories) 5 x 10'^ M 

20 2~mercaptoethanol and 0.5% DMSO) lor both twenty-four and forty-eiglit hours. 
Culture supematants are then assessed ibr the autocrine T-cell growth factor 
Interleukin-2 (IL-2) and/or IFN-y levels by ELIS A, 

Lead compounds can also be tested in animal models of human disease. 
These are exempUfied by experimental atito-immune encephalomyelitis (EAE) and 

25 collagan-indnced arthritis (CIA). EAE models which mimic aspects of human 
multiple sclerosis have been described in both rats and mice (reviewed FASEB J. 
5:2560-2566, 1991; tnurine model; Lab. Invest. 4(3):278, 1981; rodent modebJ. 
Immunol 146(4); 11 63-8, 1991). Briefly, mice or rats are immunized with an 
emulsion of myelin basic protein (MBP), or neurogenic peptide derivative!? thereof; 

30 and CFA. Acute disease can be induced with the addition of bacterial toxins 
such as botdetella pertussis. Relapsing/remitting diss^e is induced by adoptive 



wo 0e/172»2 



PCT/US99/21S36 



-54- 

transfer of T-cells from MBP/ peptide immunized animals. 

CIA may be indaced ia DBA/1 mice by inimiimzatioti with type 11 coUage» 
(J. Immunol: 142{7);2237-2243). Mice will develop signs of arthritis as early as tm 
days following antigen challenge and may be scored for as long as amet>' days after 
5 jsMnunization . In both the EAE and OA models, a compound may be administered 
either prophyiacticaliy or at the time of disease onset. Efficacious drugs should 
reduce severity and/or incidence. 

Certain compounds of this invention which inhibit one or more angiogenic 
receptor PTK, and/or a protein kinase such as Ick involved in mediating 
iO inflammatory responses can reduce the severity and incidence of artlnitis in these 
models. 

Compounds can also be tested in mouse allograft models, either skin 
(reviewed in Ann. Rev. Immunol., 10:333-58, 1992; Transplantation: 57(12): 
1701-1706, 1994) or heart {Aitt.3.Aimt.:n3:273, 1963). Briefly, full tliickness skin 

1 5 grafts are transplanted from C57BU6 mice to BALB/c mice. The grafts can be 
examined daily, begiiming at day six, for evidence of rejection. In the mouse 
neonatal heart transplant model, neonatal hearts are ectopicaliy transplanted from 
C57BL/6 mice into the ear pinnae of adult CBA'J mice. Hearts start to beat four to 
seven days post transplantation and rejection may be assessed visually using a 

20 dissecting microscope to look for cessation of beating. 

Cellular Receptor PTK Assays 

The following celMar assay was used to determine the level of activity and 
ef&ct of the different compounds of the present invention on KD1X.'YEGFR2. 
25 Similar receptor PTK as.says employing a specific iigand stimulus can be designed 
along the s^ne imes for other tyrosine kinases using techniques well known in the 
art 

VEGF-InducedKDR Phosphorylation in Human Umbilical Vein EndothehaJ 
Cells (HUVEC) as Me^ured by Westei-n Blots: 
30 1 . HUVEC cells (from pooled doaois) were purehased from Clonetics 

(San Diego, CA) and cultured according to the manufacturer directions. Only early 
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passages (3-8) were used for this assay. Cells were cultared in 100 mm dishes 
(Faicon for tissue culture; Becton Dickinson; Plymouth, England) using complete 
EBM media (Clonetics). 

2. For evaluating a compound's inhibitory activit>', cells were 

5 trypsimzed and seeded at 0.5-1 .0 x 10" celb/well in each well of 6-weIi cluster 
plates (Costar; Cambridge, MA), 

3. 3-4 days aJSer seeding, plates were 90-100% confluent. Medium was 
removed &om all the wells, cells wett; rinsed with 5-lOml of PBS and incubated 18- 
24h with 5mi of EBM base media with no supplements added {i.e., serum 

10 starvation), 

4. Serial dihttions of inhibitoi s were added m 1 ml of EBM media 
(25/iM, 5mM, or IwM final concentration to cells and incubated for one hour at 37 
C. Human recombinant VEGF,^ (R&D Systems) was then added to all the wells 
in 2 ml of EBM medium at a finai concentration of 50ng/ml and incubated at 37 C 

15 for 10 minutes. Control cells untreated or treated with VEGF only were used to 
assess background phosphorylation and phosphorylation induction by VEGF. 

AH wells were then rinsed with 5-1 0ml of cold PBS containing ImM Sodium 
Orthovanadate (Sigma) and cells were lysed and scraped in 200^1 of RIPA buffer 
(50mM Tris-HCl) pH7, 1 SOjbM NaCl, 1% NP~40, 0.25% sodium deoxycholate, 

20 ImM EDTA) containjng protease iiiliibitors (PMSF ImM, aprotinin Hig/ml, 
pepstatin i/xg/ml, ieupeptin luglml, Na vanadate ImM, Na fluoride ImM) and 
l;ig/ml of Dnase (all cheinicais from Sigma Chemical Company, St Louts, MO). 
The lysate was spun at 14,000 rpm for 30min, to eliminate nuclei. 

Equal amounts of proteins were then precipitated by addition of cold (-20 C) 

25 Bthanol (2 volumes) for a minimum of 1 hour or a maximum of overaight. Pellets 
were reconstimted in Laonli sample buffer containing 5% -mercaptoethanol 
(BioRad; Hercules, CA) and boiled for 5min. The proteiixs were resolved by 
pofyacr>'Iamide gel electrophoresis (6%, l.SmmNovex, San Deigo, CA) and 
transfeired onto a niti-ocellulose membrane using the Novex system. After blocking 

30 with bovine serum albumin (3%), tiie proteins were probed overnight wiih anti-KDR 
polycionai antibody (C20, Santa Cruz Biotechnology; Santa Cmz, CA) or with anti- 
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plK>sphot>'rosme monocional antibody (4G10, Upstate Bioteclmology, Lake Placid, 
NY) at 4 C. After washing and incubatiiig for 1 hour witli HRP-coiijugated F(ab)j of 
goat and-rabbit or goat-anti-mouse IgG the bands were visaaiized using the emission 
chemiluminescieace (ECL) system (Aniersliam Life Sciences, Arlington Height, IL). 
5 Certain examples of the present invention signilicantly iiAibit cellular VEGF- 

induced KDR tyrosine kinase phosphorylation at concentrations of less than 50 /.<M, 

/« vivo Uterine Edema Model 

This assay measures the capacity of compoands to inliibit the acute increase 

1 0 in uterine weight in mice which occurs in tiie firsi few hours following estrogen 

Stimulation. This early onset of uterine weight increase is known to be due to edema 
caused by incre^ed permeability of uterine vasculature. Cullinan-Bove and Koss 
{Endocrinology (1993), /J5;829~837) demonstrated a close temporal relationship of 
estrogen-stimulated uterine edema with increased expression of VBGF tnRNA in the 

15 uterus. These r^uits have been confimied by the use of neutralizing monocloittai 
antibody to VBGF which significantly reduced the acute increase in uterine weight 
following estrogen stimiUation (WO 97/42187). Hence, this system can serve as a 
model for in vivo inhibition of VEGF signalling and the associated 
hyperpe™eabiiity and edema. 

20 

Materials: All hormones were purchased from Sigma (St. Louis, MO) or Cal 
Biochcm (La Jolla, CA) as lyophilized powders and prepared according to supplier 
instructions. 

Vehicle components (DMSO, Cremaphor EL) were purchased from Si^a (St. 
25 Louis, MO). 

Mice (Balb/c, 8-1 2 weeks old) were purchased fix)m Taconic (Germantown, NY) 
and housed in a pathogen-free animal facility in accordance with institutional 
Animal Care and Use Committee Guidelines. 

30 Method: 

Day 1 ; Balb/c mice were given an intraperitoneal (i.p.) injection of 
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12.5 uni ts of pregnant mare's serum goaadotropin (PMSG). 

Day 3 : Mice received 1 5 uniis of human choriomc gonadotropin 

(hCG) i.p. 

Day 4 ; Mice were randomized and divided into groups of 5- 1 0. Test 
5 compounds were administered by i.p., i.v. or p.o. routes depending on solubility and 
vehicle at dos^ ratxging from l-lOO mg/kg. Vehicle control group received vehicle 
only and two groups were left untreated. 

Thirty minutes later, experiTnental, vehicle and 1 of the untreated groups 
were given an i.p, injection of 1 7 -estradiol (500 Aig'''^g)- After 2-3 hours, the 

10 aiHiiials were sacriilced by CO^ inhalation. Following a midline incision, each 

uterus was isolated and removed by cutting just below the cervix and at the junctions 
of tlie uterus and oviducts. Fat and connective tissue were removed with care not to 
disturb the integrity of the uterus prior to weighing (wet weight). Uteri were blotted 
to remove fluid by pressing between two sheets of filter paper with a one liter glass 

15 bottic filled with water. Uteri were weighed following blotting (blotted weight). 
The difference between wet and blotted weights was taken as the fluid content of dae 
uterus. Mean iluid content of treated groups was compared to untreated or vehicle 
treated groups. Signiilcance was detemiined by Student's test. Non-stimulated 
control group was used to monitor estradsol response, 

20 ResuUs demonstrate that certain compounds of the present invention inhibit 

the fonnation of edema when administered systeinically by various routes. 

Certain compounds of this invention which are inhibitors of angiogenic 
receptor tyrosine kinases can also be shown, active in a Matrigel implant model of 
neovascularization. The Matrigei neovascularization model involves the formation 

25 of new blood vessels within a clear "maible" of extracellular matrix implanted 

subcutaneously which is induced by the presence of pioangiogenic tactor producing 
tumor ceils (for examples see: Passaniti, A,, et al, Lab. Investig. (1992), 67(4), 519- 
528; Anat Rec, (1997), 249(1), 63-73; Int J, Cancer (1995), 63(5), 694-701; Vase. 
Biol, (1995), 1 5(1 1), 1857-6). The model preferably mm over 3-4days and 

30 endpoints include macroscopic visuayimage scoring of neovascularization, 
microscopic microvessel density determinations, and hemoglobin quantitation 
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(Drabkin method) following rtanoval of tfce implmt versus controls from mimials 
untreated with inhibitors. 'Oie ffiodel may altonatively employ bFGF or HGF as the 
stimulus. 

Certain compounds of this invention which iivhibit one or more oncogenic, 
5 protooncogetuc, or prolifcration-depenasnt protein idtiases, or angiogenic receptor 
PTK also inhibit tiie growth of primar>' murine, rat or human xenogi-aft nimors in 
mice, or inhibit met^atasis in murine models. 

EXEMPLIFICATION 

10 

Processes for the preparation of compounds of formula 1 will now be 
described. These processes fonn a forther aspect of the present invention. The 
processes are preferably cairied out at atmospheric pressure. 

Compounds of formula I may be prepared by condensing a compound of 
15 formula 




30 in which R,, Rj, %, L atid ring A. are as previously defined, with formamide at a 
temperature in the range of 50 to 25(fC optionally in the presence of a catalyst for 
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example 4-dimefhyIaniinopyridine, 

Compounds of fonnula I may be prepared by reacting a compound of 
formula (111) 



5 




Oil) 



wherein is bromo or iodo bfomo or iodo with one of the following compounds: 
15 RjBCOH)^, RjSttCB j or a compound repressented by fominla m 




in which R, is as defined above, in the preseiice of a catalyst for example 
palladiiim (0) compounds eg, PdCPPhj)^. 
30 Compouads of foimiila I in which represents m alkyl groap or a.B aralkyl 

gioup may be prepared by alkylating a compound of formula <IV) 
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H 



10 



in which Rj aadRj are as previously defined with a compound of fomiuia R,X' in 
which Rj represents an alkyi group or an araikyl gioap and X' represents a leaving 
group, for example halo, mesyloxy or tosyloxy. 

Compoiiuds of formula I in which Ri represents an optionally substituted 
1 5 cyclic ether, such as tetrahydiofiiryl or tetrahydropyr^yl, may be prepared by 
alkylating a compound of fonnuia IV 



in which R2 and R3 are as previously defined with a compound of formula RjX' in 
which X' is as previously defined and R, is an optionally substitnted cyclic ether. 



tetraiiydrotiiryl or tetrahydropyrany!, optionally substituted by fonnyl may be 
prepared by alkylating a compound of formula IV with a compound RiX in which 
Rl represents a cyclic ete substituted by a formyl group which has been protected, 
by a method known to those skilled in the art, for example by means of an acetal, 
25 (See for example Tet. Letts, 30 (46) 1 989, 6259-6262) followed by deprotection. 
Compounds in which Rj repi-esents a cyclic ether, such as tetrahydrofuryl or 
tetrahydropyranyi, substituted by an {optionally substituted amiao)methyl group 




H 



20 



Compounds of fonriuk 1 in which R ] represents cyclic ether, such as 
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may be prepared by reductive amination of a compoand m which represents a 
cyclic ether substittrted by formyl . 

Coropoiinds of fomiula I i« which Rj represents optionaliy substimted furyi, 
thienyl or p>'n'oiyl may be prepared by reacting 4-chioro-54odo-7i/-pyrrolo[2,3- 
5 djppyrimidine v,ith tlie appropriate heteroar>'lboronic acid in the presence of a 
copper salt cataiyst, for example copper (11) acetate in the presence of a solvent for 
the reactants, e.g. a halogenated soivetit for example, dicMoromethane, in the 
presence of a dr>'ing agent, for exampie 4A molecular sieves, in the presence of an 
organic base, e.g. triethylamine or pyridine, at a temperature in the range of O-SO^C, 

10 preferably at ambient temperature. (For conditions see Tet Letts. (1998), volume 
39:2942-2944 and references cited therein, 'fhis paper is incorporated herein by 
reference.) These compounds may be tbimulated by methods known to those 
skilled in the art to give compounds in which R] represents ftuyl, thimyl or pyrrolyi 
sitbstitiited by fonnyi. The fonnyl group in these compounds may be productively 

15 aminated by methods known to those skilled in the art to give compounds in which 
Rl represents furvl, thienyl or pyrrolyl substituted by aminomethy! groups. 
Alternatively intonediates in which Ri represents fur>'l, thienyl or pyrrolyl may be 
subjected to a Maimich reaction to give intermediates in which Rj represents finyl, 
tlnenyi or pyrrolyl substituted by an aminomelhyl group. 

20 Compounds of formula I may be prepared by reacting a compound of 

fomiuia V 



25 




30 



V 
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in which Rs, Rj, Rj, L and rifig A are as previously defined, and Ry rqjresents a 
leaving group, for example halo or phenoxy, with ammonia or an auHnoiiiura salt, 
for example ammonium acetate, at a temperature in tiie range of 15-250X\ 
preferably in a pressure vessel 
5 Compounds of formula I in which represents chloro, bromo or iodo may 

be prepared by reacting a compound of formula VI 



10 




in which R,, K^ L mid ring A are as previously defined with a haiogcnating agent for 
example an iodinating agent, e.g. N-iodosuccinimide, or a biominatmg agent, e.g. N- 
20 bromosuccinimide, or a chlorinating agent, e.g. N-chloTosuccinimide, 

Compounds of formtiia 1 in winch -L-R, represents -NHC(0)Rj may be 
prepared by rea<^ng a compound of formula VII 




wo 00/17202 



PCT/US99/21536 



-63- 

in which R„ and ring A are as previously defined and Y represents a protected 
arnme, witili a compound of formala EjCOR^k which represents a leaving group, 
for example chloro. Altemalively componnds of formuia VII in which Y represents 
5 haJo, for example chloro, may be reacted with a compound of formula RjCORj^ and 
the product reacted witli amnionia to give a compound of foimula I. Analogous 
methods may be used to prepare compounds of formula I in which -L-Rj is - 
NRSOjRj. Analogous methods may be used to prepare compound of formula I in 
which L-R-i is -NRCa,-R3 or -NRCONR'. R and R' aie i^s previousiy defined. 
1.0 Compounds of formula I in which -L-Rj is -OSOj- may be prepared by 

reacting a compound of formula VIII 




in which R„ Rj and ring A are as previously defined with a compound of formula 
R,SOjR^. 

25 Compounds of formula I may then be prepared from such intermediates 

following Scheme 2 or the alteaiiative for Scheme 2, which is described later. 

Compounds of formula H may be prepared as shown in Scheme 1 in which 
IPA represents psxjpan-2-ol. 

30 
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30 It win be appreciated by those skiUed in the art tiiat compounds of fonnula 1 may be 
converted into other compomids of formula I by known chemical reactions. For 
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example, an alkoxy group may be cleaved to give hydroxy, nitro groups may be 
reduced to amines, amines may be acylated sulfonylated or phosphorylated and N- 
acyl compounds may be hydroiyzed io amines. Compounds of formnla I in which - 
L- is S may be oxidized to give compounds of formuia I in which -L- represents SO 
5 and SOj, respectively, by methods known to those skilled in the art. 

Compounds of formula III are commercially available or may be prepared by 
methods known to those skilled in the art. 

Compounds of formula I\' in which R, represents hydrogen may be prepared 
as showii in Scheme 2. The amino group may he prelected prior to the final step and 
10 ihsn deprotected after the final step of scheme 2 by methods known to those skilled 
in the art. Compounds of fonnula IV in which R, is other than hydrogen may be 
prepared by analogous metltods, (see 7. Med. Chem. (1990), 53, 1984) 




Altematively in Scheme 2, (ring A)-L-R:-, may be coupled first, prior to 
amination. Alternatively a substituent % as defined previously may be present prior 
30 to carrying out either process. 

Compounds of formuia V may be prepared as shown in Scheme 3. 
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15 



Compounds in which (ring AVL-Rj is absmt may be prepared as in Scheme 

4 and as described in J.Med. Cke7n., (1988), 5/ :390 and references cited therein. 
Compounds in which (riiig A)~L-R3 is other than hydrogen may be prepared by 
20 analogous methods. 




Scheme 4 



30 Compounds of formula VH may be prepared by coupling a 5-iodo compomid 

in an analogous manner to that described for the preparation of compoiujds of 
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formuklV. 

It will be appreciated by those skilled in the art that in c^es where a 
substituent is identical with, or similar to, a functional group which hsts beea 
modified in one of the above processes that these substituents will require protection 
5 before the process is undertaken, followed by depiotection after the process. 
Otherv^'ise competing sidereactions will occur. Alternatively, another of tlie 
processes described above, in which the substitueiit does not interfere, may be used, 
Exampies of suitable protecting groups and method.s for their addition and removal 
may be found in the textbook "Protective Groups in Organic Synti^esis" by T.W. 
1 0 Green, John Wiley and Sons, 1 981 , For example suitable pi-otecting groups for 
amines are tbnnyi or acetyl. 

The following examples were prepared using the general preparation 
methods outlined above: 

15 Example 1; NI-[4'(4-Ainirio-7-cycIopcmyi-7H-pyrroio[2,3~d]pyrimidin-5-yi)-2- 
methoxyphenyl]-4-cyano- 1 -ben-/euesuifonamide, 

a) tert-Bmyl N~(4-bromo-2-methoxyphenyl)carbamate, 

A mixture of 4-bromo-2-methoxyaniline (34,0 g, 0.17 mol) and di~tert-buty! 

20 dicarbonate (44,5 g, 0.20 mol) in tetrahydrofuran {350 ml) was heated at reflux for 
22 h. The mixtore allowed to cool to ambient temperature and the solvent was 
removed under reduced pre^ure. The residue was dissolved in ethyl acetate (350 ml) 
and washed with I N citric acid (200 ml), dried over magnesium sulfate, filtered and 
evaporated to give tert-butyl N-(4-bromo-2-mcthoxyphenyl)carbamatc as a yellow 

25 oil (80% pure, 57,10 g, 0,15 mol): *H NMR {D.MSO<400MHz) 6 8.01 (s, IH), 
7.63 (d, IH), 7.17 (d, IH), 7.07 (dd, IH), 3.82 (s, 3H), 1.45 (s, 9H); TLC (n- 
heptane/etJtyl acetate = 2:1) Rf.0.67. 

b) tert-Bat>i N-[2-methoxy-4-(4,4,5,5-tetram«hy1- 1 ,3 ,2-dioxaborolaii-2- 
30 yi)phenyl]-carbamate, 

A mixture of tert-butyl N-(4-bromo-2-methoxyphenyl)carbamate (80% pure) 
(6.25 g, 1 6.56 mmol), ^boron pinacol ester (5.05 g, 19.88 mmol), [1,1'- 
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bjs(diphejtiy!pho^hmo) ferrocene]dichIoropaliadiiim(IJ) complex with 
dichioromethsuie (1:1) (0.41 g, 0.50 nmiol) and potassium acetate (4.88 g, 49.80 
tmnoi) in N,N-dimethylfonaamide (lOOmi) was heated at 8{f C under m atomospher 
of nitrogen overnight. The mixture was allowed to cool to ambient temperature and 
5 then most of the solvent was r ^oved under reduced pressure. Dichioromethane 
(100 ml) was added to the residue and file resulting solids were removed by filtration 
through a pad of ceiitc. The filtrate was concentrated to leave a dark oil which was 
purified by flash coliinii-s chi-oraatograpliy on silica iismg dichJorometlTaTje/n-heptane 
(i:2) with 2.5% triethylanune as mobile phase to give tert-butyi N-[2-metlioxy-4- 
10 (4,4,5,5-tetramethyi-i3»2-dioxaborol8n-2-yl)phsny!]carbajnate as while .solids (65% 
pnre, 4.25 g, 7.92 mmol): 'H NMR (DMSO-d,,400MIfe) 6 7.93{s, IH), 7.83 (d, IH), 
7.25 (d, IH), 7.16 <s, IH), 3.83 (s, 311), 1 M (s, 9H), 1.30(s, 12H); RP-IIPLC 
(Hypersil CIS, 5 jim, 200 A, 25 cm; 50%-100% acetonitriie - O.IM ammonium 
acetate over 25 min, 1 ml/min) 18,28 min, 

15 

c) tert-ButylN44-{4-chloio-7-cyclopemyl-7H-pyrK>lo[2,3-djpyriniidin-5~yi)-2- 

methoxy-phenyljcarbamate 

A mixture of water (25 ml) and tert-but>4 N-[2-methoxy-4-(4,4,5,5-teiramethyl- 
l,3,2-diox3borolan-2-yl)phenyl}carbamate (65% pure) (4.25 g, 7,92 mmol) was 

20 frozen and subjected to vacuuin followed by filling with nitrogen while defreezing. 
4-CMoro-7-cyciopen{yi-54odo-7H-pyrrolo[2,3-d]pyrimidine {1 .83 g, 5.28 mmol), 
tetraids (triphenylphosphine)paIladiijm{0) (0.37 g, 0.32 rtunol), sodium carbonate 
(1.40 g, 13.20 mmol) and ethylene glycol dimethyl ether <50 ml) ware added and the 
resulting mixture was heated at SO^C under an atmosphere of nitrogen overnight. 

25 The mixture was allowed to cool to ambient temperature and the solvent w^ 
removed under reduced pressure to give a residue which was partitioned between 
water and ethyl acetate. The organic layer was separated and the aqueous layer was 
fnrther extracted with ethyl acetate twice. The combined ethyl acetate extracts were 
dried over magnesium sulfete and evaporated to give a dark oil which was purified 

30 by flash column chromatography on .silica using n-heptane/sthyl acetate (3 : 1 ) with 
2% triethylamine as the mobile phase. Appropriate fractions ware collected. 
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combined and concentrated to give ten-butyl H-H-0-chloro-7-cyciopeiityI-7H- 
pyrroioE2,3-%yrimidia-5-yI)-2-metiioxypbenyl] carbamate as white solids (1.90 g, 
4.29 mmol): *H NMR (DMSO-d,,400MH2) 6 8.65 (s, IH), 7.94 (s, 2H), 7.74 (d, 
IH), 7.19 (d, IH), 7.07 (dd, IH), 5.22 (m, IH), 3.87 (s, 3H), 2.19 (m, 211), 1.99 {m, 
5 2H), 1 .91 (m, 2HX 1 .73 (m, 2H), 1 .48 (s, 9H); TLC (n-heptan&'ethyl acetate -1:1) 
RfO,58. 

d) 4-(4-Ch!oro-7-cycIopeiUyl-7Hi5yn-olo[2J-d]p>Tiiiiidin-.5-yl)-2-methoxyaniUi3e 
Trifluoroacetic acid (2 mi) wa.s added dropwise to a solutioti of tert-butyl N~[4- 

10 (4-cMoro-7-oyciopentyi-7H-p>Troio[2,3-d]pyrimidiiv-5-yl)-2~ 

methoxyphsnyljcarbamate (0.58 g, 1.31 iiiraoi) in dicbiorcmethatie (20 ml) at (fC. 
The ice bath was removed and the reaction mixtuie was stirrcd at room tetnperatarc 
for 3 h. Most of triflvtoroacetic acid and dichioromethane were removed under 
reduced pressure. The re.sidue was redissolved in dichlorometihane aad washed with 

1 5 saturated aqueous sodium bicarbonate solution, dried over magnesium sulfate, 
filtered and evaporated to give4-(4-cliIoro-7-cyclopentyl-7H-pym>lo[2,3- 
d]pyrimidin-5-y1>2-methoxyannine as white solids <0.45 g, 1.3i mmol): 'HNMR 
(DMSO-d«400MH2) d 8.61 (s, IH), 7.78 ($, IH), 6.97 (d, IH), 6.85 (dd, IH), 6.67 
(d, IH), 5.20 <m, IH), 4.78 (broad, 2H), 3.81 (s, 3H), 2.18 (m, 2H), L88-2.00 (m, 

20 4H), 1.72 (m, 2H); MH* 343. 

c) 5-(4-Amino~3-methoxyphenyl)-7-cyclopentyl-7H-pyrrolo{2,3-d]pyrimidin-4~ 
amine. 

Amixtureof4K4-chbro-7H;ycIopentyi-?H-pyrTolot2,3-d3pyritnidin-5-yl)-2- 
25 methoxyaniline (0.45 g, 1 .31 mmol), ammonia (15 ml, SG 0.88) and 1,4-dioxane (15 
ml) was heated and stirred at 120"C in a pressure vessel overnight. The mixture was 

allowed to cool to ambient {emperature and the solvent was removed under reduced 
pressure to give a residue which was partitioned between water and ethyl acetate. 
The organic Jayer was separated and the aqueous layer was farther exti'acted with 
30 ethyl acetate twice. The combined ethyl acetate extracts wei-e washed with saturated 
aqueous sodium chloride solution, dried over magnesium sulfate, filtered and 
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evaporated to give 5-(4-amirio-3--mettiox>^hattyI)~7~cydop6ntyl-7H-p>'iToio[2,3- 
dJpyrimidin-4-8mine as brown solids (0,32 g, 0.99 mmol): 'H NMR (DMSO-d<i, 
400Mlfe) 6 8.09 is, 111), 7.24 {s, IH). 6.88 <d, IH), 6.79 (dd, IH), 6.71 (d, IH), 6.01 
(broad, 2H). 5.06 (m, IH), 4.79 (broad, 2H), 3.S1 (s, 3H), 2J0 (m, 2H), 1.87-1.92 
5 (m, 4H), 1 .68 {m, 2H); MH* 324. 

f) N144-(4-Amiiio-7-cyciopentyl-7H-p>milo[23-d]pyrimidm-5~yi)-2- 
mctboxypheny 11-4-cyaiio- 1 -betizenesis Ifonamide, 

A mixture of 5-(4-at»jRO-3-njediox)'phenyl)-7-cyciope.ntyi-7H-pyrrolo[2,3- 
10 d]pyrimidin-4-amine (0,026 g, 0.08 mmol), 4-cyanobeazeaesuifonyl chloride (0.019 
gj 0.10 mmol) and pyridine (0.40 ml) was sliired at room temperature oveniight. 
Most of pyridine was removed under reduced pressure and the residue was purified 
by preparative RP-HPLC (Rainin CI 8, 8 urn, 300 A, 25 cm; 25%-100% acetomtrile 

- O.IM animomum acetate over 25 min, 21 ml/min) to give Kl-|;4-(4-ammo-7- 
15 cyclopentyl-7H-pyrrolo[23-<i]pyrimidin-5-yl)-2~methoxy-phenyl3-4-cyano-l- 

benzencsuifonamide as yellow solids (0.018 g, 0.04 nmiol): 'H NMR (DMSO-df, 
400MHz) 6 9.91 (s, IH), 8.13 (s, IH), 8,05 (d, 2H), 7.89 (t\, 2H). 7.44 (s, IH), 7.27 
(d, IH), 7.00 (dd, IH), 6.98 (d, IH), 6.07 0>road, 2H), 5.07 {m, IH), 3.49 {s, 3H), 
2.11 (m, 2H), 1.88 (m, 4R% 1.69 (m, 2H); Mir489; TLC (ethyl acetate,/metbanol = 
20 9: 1) R, 0.49; RP-HPLC (Hypersil €18, 5 \im, 200 A, 25 cm: 25%-i00% acetomtrile 

- O.IM ammonium acetate over 25 min, 1 ml/min) 14.65 min. 

Example 2 Nl -[4-(4-Amino-7-cyclopentyI-7H-pynx)iof2,3-d]pyrimidii3-5-yl)-2- 
methoxyphenyi3-4-(trifluoromethyi)-l-benzenesulfonamide. 

25 Exainple 2 was synthesized using the saa\e method ^ for Nl -|;4--(4-Amino-7- 

cycIopentyl-7H-pyrK>io[2J-djpyrimidin-5-yl)~2-melhoxyphenyl]-4--cyaiio-l- 

benzenesiilfonamtde, 

'H NMR (DMSO-ds, 400MHz) 6 9.90 (s, IH), 8.22 (s, IH), 7.96 (s, 4H), 7.55 (m, 

IH), 7-29 (d, 2H), 7.01 (m, 2HX 5.09 (m, IH), 3.49 (s, 3H), 2.1 0 (m, 2H), 1 .90 (m, 
30 4HX i .69 (m, 2H); MH" 530; TLC (ethyl acetate/metlianoi - 9: 1) R, 0.64; RP-HPLC 

(Hypersil CIS, 5 jim, 200 A, 25 cm; 25%-98% acetonitxile - O.IM ammonium 
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acetate over 25 min, 1 mi/min) R, 17.78 mm. 

Examples Nl-[4-(4-Aniino-7^rsrclopent>''l-7H-p5™io[23-d3pyrimidin-5-^^^^ 
methoxypheayl]-4-(trifluoromethoxyl)- 1 -benzenesulfonamide. 
5 Example 3 was synthesized using the same method as for Nl-[4-(4-Ammo-7- 
cy€1open^yl-7H-pyrJroio[23H3]pyrimid3ll-5-yl)-2-rnethoxyphenyl]-4^^yano4- 
bettEenesiiifonaniide. 

'H NMR fCDCI, 400MH2) 5 8,30 (s, IH), 7.86 (A 2H), 7.59 (d, IH), 7.27 (d, 
2H), 7.13 (hmad, IH), 7.05 (dd, IH), 7.00 (s, IH), 6.86 (d, iH), 5,26 (s, 2H), 5.19 
10 {m, IH), 3.68 (s, 3H), 2,26 (m, 2H), 1.89 (m, 4H), 1.79 (m, 2H); MH^ 548; TLC 
(ethyl acetate) 0,34; RP-ItPLC (Hypersil CI 8, 5 (im, 200 A, 25 cm; 25%-98% 
acetanitrile - 0AM ammonium acetate over 25 min, 1 rnlAnin) R, 18.18 mm. 

Example 4 N2-[4-<4-AimBO-7-cyclopent>4-7H-pyiTolo[23~d3pyriniidm-5-yl)-2- 
15 methoxypheayl]-2-pyridinesulfonamide 

a) 2-Pyridmesulfonyl chloride was prepared as described in Heterocycles, 1989^ 28, 
1 1 15. chlorine gas was bubbled into the solution of 2-pyridiiietkiol (2,00 g, 
17.99 mmol) in concentrated hydrochlorii- acid (30 ml) at 0"C for 3 h. The 
20 reaction mixture was poured into ice-coid water (40 ml) aiid the resulting 

precipitate was collecied by filtration. The precipitate was further washed with 
ice-cold water and then dried over phosphorus peniaoxide in vacuo at O^C for 2 h 
to ajSord 2-pyridinesulfoiiyl chloride a& white solids (2,00 g, 1 1 .26 mmol). 

25 b) N2-[4~(4~amino-7-cyclopentyl-7H-pyrrolo[2,3~djpyrimidin~5-yl)-2- 
methoxyphsnyl]-2-pyridinesTilfoiiamide. A mixture of 5~(4-amino-3- 
methoxyphenyI)-7-cyciopen1yI-?H-pyrrolo|;23-d3pyrimidin-4~amine (0.040 g, 
0.12 mmol), 2-pyridinesulfoftyi chloride (0.026 g, 0.15 imnol) and pyridine (0.40 
ml) was stirred at ffC for 3 h. The reaction mixture was diluted with ether and 

30 the resylting aolutior! was washed successively with 2 N hydrochloric acid, water 
and saturated aqueous .sodium chloride solution. The organic layer was 
concentrated to leave a residue which was pwified by preparative RP-HPLC 
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(Rmmn CIS, 8 ^m, 300 A, 25 ora; 25%"100% acetonitrile - O.IM amnionium 
acetate over 25 min, 2i ml/mm) to give N2~[4-(4-aitiino-7-cyclopentyI-7H- 
pyrrolo[23~djpyrimidm-5-yl)-2-methoxyphenyl3-2-p>Tidinesulfo^ 
white solid (0,022 g, 0.05 mmol): 'H NMR (CDClj 400MHz) 6 8.71 (d. IH), 
5 S.31 (s, IH), S.Ol (d, IH), 7.87 (m, IH), 7 64 (d, IH), 7.47 (m, Ul), 7.41 {m, 

IH), 6.99 (m, 2H), 6.87 (s, IH), 5.19 im, IE), 3.0? (s. 2H), 3.79 (s, 3H), 2.23 
Cm, 2H), 1.76-1.88 (m, 4H), 1.63 (m, 2H); KCr 465; RP-HPLC (Hypersil CIS, 5 
|iin, 200 A, 25 cm; 25%~98% acetonitrile - O.IM anixnonium acetate over 25 
mm, 1 ral/min) Rt 12.65 min, 

10 

ExampJeS: N3-f4-(4-At»itio-7-cyclopent>1-7H-p>Tt-olo[2,3-djpyrimidin-5-yl)~2- 
mcthoxyphenyl]-3-pyridj»e8uJfonainide 

a) 3-Pyridiiiesu!fonyl chloride was prepared b& described in J. Heterocyclo, 
15 Chem. 1992, 29, 61. Amixtureof 3-pyridinesulfomc acid(1.45 g, 9.01 mmol) 

and phosphorus pentacMoride (2. TO g, 9.62 mmol) was heated at 1 10°C for 3h, 
The mixtwe was allowed to cool to room temperature and distilled (b.p. 60- 
65"C) tmder reduced pressure (0.1 nimlig) to afford 3-pyndinesuifonyi chloride 
as white solids (1 .12 g, 6.31 mmol) which was used directly without fiirther 
20 purificatioit 

b) N3-[4-(4~anuno-7-cyclopentyl-7H-pym)lot2,3-^]pyrimidin-5-yl)~2- 
metiioxypheiiyl]-3-pyridinesulfonamide. A mixture of 5-(4-amino-3- 
inethox)^henyl>-7-cyciopentyl-7H-pyrroio[2,3-d]pyrimidin-4-aaiiae (0,040 g, 

25 0.12 iBmol), 3-pyridinesulfonyl chlorido (0.030 g, 0,17 mmol) and pyridine (0.40 
ml) was stirred at OT for 0,5 h. Water was added into the reaction mixture 
followed by renrnval of most of pvTidine and water under reduced pressure. The 
residue was purified by preparative RP-HPLC (Raiiiin ClS, 8 p.m, 300 A, 25 cm; 
25*^Jrl00% acetonitrile - O.IM ammonium acetate over 25 min, 21 ml/min) to 

30 giveN344-(4-amino-7~cyciopentyl-7H-py'iTo1o[23-d]pyrimidin-5-yl)-2- 

methoxyphenyI3-3-pyridinesalfonamide as white soli^ (0.020 g, 0.04 mmol): 'H 
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NMR (CDCI3, 400MHz) 6 8.97 (4 IH), 8.76 (d, IH), 8.29 <s, IH), 8.10 (dd, IH), 
7,62 (d, IH), 7.40 (m, IH), 7.05 (d, III), 7.00 (s, IH), 6.85 (s, IH), 5.31 (broad, 
2H), 5.20 (m, IH), 3.68 (s, 3H), 2.26 (m, 211), 1.80-2.TO (m, 6K); MIF 465; RP- 
HPLC (Hypersil CIS, 5 \xm, 200 A, 25 cm: 25%-98% acctonitriie - O.IM 
5 ammoniuin acetate over 25 mm, 1 ml/niin) R, 12,23 min. 

Example 6: Nl-[5-<4-amino-7<yciopeniyl~7H~pyn:olo[2,3-djp>'iimidiii-5-yl)-2- 
{trif1uoromethyl)phenyl]-l-benzenesulfonaniide 

10 a) Nl-[44)romo-2~(trilluoismethyI)phenyl]-i-beii2enesu1foiiamide. 

Benzenesulfonyl chloride (1 ,06 g, 6.00 tnmol) was added dropwise to a stirring 
solution of 4-broi»o~2-{trifl«0Toinetbyi)-anmne (1,20 g, 5.00 mmol) and pyridine 
(1 .98 g, 25,0 mmoi) in dicMoromethane (10 ml) at 0"C tmder an atmo^hesre of 
nitrogen. The mixture was warmed to ambient temperature and stirred for 16 

15 hours. The mixture was diluted with ethyl acetate (35 ml) then washed with 

water (3x 10 ml), 2N citric acid (3x 10 ml) and brine (10 ml) then evaporated in 
vacuo. The residue was purified by silica gel ilash coluniii chroirjatogr aphy 
using 3:2 heptane imethylene chloride as an eluent to give Nl-[44>ronio-2- 
(trif1uoromethyl)phenyi]-l-beiizeBesu]fonamide (i.3 g) as a white solid. 'H 

20 NMR (DMSO-da, 400 MHz) 6 10.10 (IH, s), 7,60-8. 16 (7H. m), 6.9 (IH, dd); 
tR= 24,27 min (RP-HPLC, 5-100% acetomtrile-0.1%TFA, 30 min) 

b) Nl-[5-(4-amino-7-cyclopenty1-7H-pyrrolo[2,3-d]pyrimidin-5~yl)-2- 

(trifluoromethyl)phenyl3-l-berjzenesulfonamide- A mixtiu-e of Nl-[4-bromo-2- 

25 (trifluorometl\yl)phTOyl]-l -benzenesiilfonamide (0.5 g, 1 ,3 1 mmol), 

bis(pinacolato) diboron (0.402 g, 1.58 mmoi), potassium acetate (0,387 g, 3.95 
mmol) and [1,1 '-bis(dipheny1phosphino)ferrocene|dichloropalladium(II) (32 mg, 
0.040 mmol) in DMF ( 1 0 ml) was heated under an atinosphere of nitrogen at 
1 OO'C for 1 7 hours. Tlie mixture was cooled and [1,1 

30 bis(diphenyiphosphino)ferrocene3dichloropailadium(n) (32 mg, 0.040 mmol) 
was added titten heating at lOO^'C was continued for another 24 houre. The 
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solvent was then removed in vacuo and the residue triturated with 25 mi 4; I 
heptanermethyi^e ohioride and the solids removed by filtration through a pad of 
celite. Removal of the solvent in vacuo resulted hi a gumnay residue (0.42 g) of 
which (123 mg, 0.28 mmoX) was added to a mixture of 1,2-dimethoxysthane (2,5 

5 ml) and water (1 ,25 ml). Sodium carbonate (39 mg, 0.36 mmol), 4-cMoro-7- 
cyclopenty}-5 -iodo-7H-p:/iTolo[2,3~d]p>Timidine (50 mg, 0.144 mmol) and 
tetrakis (triphenylpbosphinejpaliadiumf O) (9.0 mg, 0.008 mol) were added to the 
mixture which was then heated to reflux under aji atmosphere of nitrogen for 16 
hours, cooled and the soh'ent removed in vacucf. The residue was partitioned 

iO between ethyl acetate (10 ml) and water (6 ml). The aqueous layer was 

separated mi washed with ethyl acetate (10 ml). The combined organics were 
evaporated and the residue dissolved in l,4-tiioxan8 (5 ml) and concentrated 
aqueous ammonium hydroxide (5 ml) then heated at 120T in a sealed tube for 
16 hours. The solvents were removed in vacuo and purification by revsarse phase 

1 5 MPLC using a CI 8 column and 25-75% acetonitrile-O. i% TFA,25 min as ^ 
eiucnt followed by lyophilization afforded Nl-{5-<4>amino-7-cyclopentyl-7H- 
pyn-oio[2,3 -d]pyrimjd!n-5-yl)-2-(trifluoromeaiyl) phenylj-1 -betjzcnesulfonamide 
(9 mg) as a tan amorphous solid. 'H NMR (DMSO-d„ 400 MHz) 5 10.05 
(lH;brs), S.38 (lH,s), 7.57-7.87 (lOH, m), 7,09 (IH, d), 5. 1 1 (1H, m), 2.14 (2H, 

20 m), 1 .95 (4H, m), 1 .7 (2H, m); low resolution MS, m/e (MH'), 502; tg - 16.78 
min (RP-HPLC, 25-100% acetoniirile-0. 1% TFA, 25 min) 

Example 7: Nl -[4-(4-amino -7-cyciopentyl-7H-pyn:olo[2,3~d]pyrimidin-5-yl)-2- 
phenyl-pheny!}- i -benzenesulfonamide 

25 

a) 2-AmiRO-5-bromobiphenyL 2A^>6-tefrabromo-2,5-cyclohexadien-lHone (12.1 
g, 29.55 mmol) was added in portions to a solution of 2-aminobiphenyl (5.0 g, 
29.55 mmoi) in methylene chloride (65 ml) while maintaining the temperature 
between— 5"C and—lO'-C. The mixture was allowed to warm to ambient 
30 temperature and stirred for 20 hours. The solution was extracted twice with 1 N 
sodium hydroxide (Ix 50 ml, \ x 20 ml), then dried over MgSO<„ treated with 
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activated charcoal, fUtered through eelite and evaporated to give 2-Amino-5- 
hromobiphcnyl (7.2 g) as a black oil which solidified on standing. 'H NMR 
(DMSO-d,, 400 MHz) 6 7.36-7.48 (5H, ni), 7.2 (IH, dd), 7.08 (IH, d), 6.7 (IH, 
d), 4.95 (2H, bs); iow-resoludon MS m/e 249 (MH*); tj, =« 16.03 xmn (RP-HPLC. 
5 25400% acetomtrile»0.1% TFA, 25 mm); ' NiME. (DMSO~d„ 100 MHz) d 

1.44.5, 138.2, 131.9, 130A 128,5, 127.7, 127.3, 117.1, 107.1 

b) 1 -(4-bromo-2-phenyl-pheny})- 1 -beKzeaesulfonamide. Benzene sulfonylcliloride 
(i .71 g. 9.67 inmol) was added dropwise imder an atmosphere of nitrogen to a 

10 stifring solution of 2~amino-5-biomo-biphenyl {2.0g, 8.06 mmoi) and pyridine 
(3. 1 9 g» 40.3 mmol) in methylene chloride <20 ml) at < 0"C The mixture was 
warmed to ambient temperature and stirred for 16 hours. The mixhjre was tlien 
diluted with ^yl acetate (75 ml) and washed with w^r (3 x 15 mi), 2N 
aqaeons citric acid (3x15 ml), brine (15 ml), dried over MgS04, treated with 

1 5 charcoal and filtered through eelite. Evaporation of the solvent in vacuo 

provided Nl-(4-bromo-2-plier!yIher!zene)- 1 -benzenesulfonamide (2.9 g) ^ a 
bro%vn solid, 'H NMR (DMSO-d^, 400 MHz) 6 9.62 (IH, s), 7.34-8.07 (lOH, m), 

7.19 (2H, mX 7.01 (m,d); low-resolution MS jWe 388 (Mlf); 21.2 min 
(RP-HPLC, 25-100% acetonitriie-0.1% TFA, 25 min) 

20 

c) N 1 -[2-phenyl-4-(4A5,5~tetnimethyl-l,3,2-dioxaboroiaii-2-yl)-phenyl]-l - 
benzenesulfonamide. A mixture of the Nl-C4-bromo~2-phenylbenzene)-l- 
benzenesulfonamide (0.3 8S g, LOO nnnol), bis(pinacolato)diboron (0.305 g, 

1.20 mmol), potassium acetate (0.294g, 3.00 mmol) [1,1 

25 bis(diphenylphosphino) fettocene]dicWotopaliadi«ni(n) (25 mg, 0.030 mmol) in 
DMF (10 ml) was heated under an atmosphere of nitrogen at lOOT for 16.5 
hours. The DMF was evaporated in vacuo and the residue purified by silica gel 
flash cliromatography using methylene chloride/heptane 7:3 plus 2% triethyl 
amine to provide Ni"[4'(4,4,5,5-tetramethy]-l,3,2~dioxaborolan-2-yl)-2- 

30 phenyibenzsriej-l-benzenesulfonamide (0.135 g) as an oil, tj^ = 23.13 min (RP- 
HPLC, 25-100% acetonitriie-0,1% TFA,25 min); low resolution MS m/e 434 
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(M-H*) 

d) Nl-[4-(4-cMom-7-cyclopenty!-7H-pynx>io[2,3-d|pyrimM 

phenyl]- 1 "benzenesulfonamide, A mixture of sodium carbonate (57 mg, 0.54 
5 mmol), 4-chloro-7-cyc!opeii{>1-54odo-7H~pym>lot23-d)pyriraidme (75 mg, 
OJ216 mmol), N1 -[4-(4,4,5,5-tetTaTnetliyi-l,3,2-dioxaborolaii-2-yt)-2- 
phenyibenzene]-l-benzenesultbnamide (135 mg, 0.269mmo1), tstrakis 
(triphenyiphospMne)pailadium(O) (12.5 mg, 0.0108 nmiol), water (1.25 ml) and 
DME (2.5 mi) was heated at reflux under an atmosphere of ratrogea for 16 

10 hours, cooled and the solvent removed in vacuo. The residue was partitiotied 
betweew ethyl acetate {10 ml) aiid water (5ml), The organic, layer was 
evaporated and the residue purified by silica gel flash chromatography to give 
N 1 44-(2-benzeae-4-chlonj-7-cyclopentyl-7H-pyn'olot2,3-d3pyrimidiii-5-yl> 
phenyl]-! -benzenesuifonamide (55 mg) as a tan solid 'H HMR (DMSO-dj, 400 

15 MEz) 6 9.56 (IH, s), 8.65 (IH, s), 8.03 (la s), 7.3-7.65 (i2H, m), 7.08 (IH, d), 
5.21 (IH, m), 2.17 (2H, m), 1.92 (4H, m), 1 .71 (2H, m); = 23.77 min (RP- 
HPLC, 25400% acetORitrile-0.1% TFA, 25min) 

e) Nl -[4-(4-amino -7-cyclopentyI-7H-pyrrolo[2,3-d]pyrimidin-5-yi)-2-phenyi- 

20 phenyl]-! -benzenesulfonamide. A mixture of the Nl~[4-(2-ben.zene-4-chloix>-7- 
cyclopentyl-7H-pyrrolo[23-d3pyrimidin-5-yl)-phenyi j - 1 -benzenesulfonamide 
(55 mg, 0,104 mmoi), concentrated aqueous ammoniiuii hydioxidc (5 ml), and 
1 ,4-dioxane (5 ml) was heated at 120''C in a sealed mbe for 16 hours. Tlie 
solution wj^ cooled to room temp^ture and the solvent remove in vacuo. 

25 Purification by MPLC using a CIS column and 25-100% acetonitrile-OJN 

ammomum acetate,25 min «s an eluent followed by lyophiiization afforded Nl- 
[4-(4~amiBo-2-benzcne-7K;yclopfflit>1-7H-pyrrolo[2,3-dlpyrimidin-5-yl)- 
phenylj-l-bcuzenesuifonamide (14 mg) as a tan solid. 'H NMR (DMSO-dg, 400 
MHz) 6 9,55 (UL s), 8.13 (IH, s), 7,31-7.65 (ISH, m), 7.1 (IH, d), 6.08 (2H, s), 

30 5.07 (IH, m), 2.0& (2H, m), 1.9 (4H, in), 1 .67 (2H, m);low-resoh3tion MS nve 
510 (MIT); tj, = 19.22mjn (RP-HPLa 25-100% acetonitrile-O.lN ammomum 
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acetate, 25min) 

Examples: 7-cyclopmtyl-5-[l-(pi«5nybuifonyl)-2,3-dihydrt>-lH-5-mdolyl]-7H- 
p>Trolo[2,3-<i]pyt3itiidijEi-4-aniiiie 

5 

a) 5-bromo-l-(phenyl3uifor»yl)indoIine, Benzene siilfonyichloride (1.85 g, 10.53 
mmol) was added dropwise under an atmosphere of nitrogen to a stirred solution 
of 5-bromoindoiine (2.0g> 8-77 mmol) and pyridine (3,47 g, 43.9 ittnioi) in 
meAyleue chloride (30 ml) at < 0'"C. The mixture was wamied to ainbieiit 

1 0 tmiperafure and stirred for 16 hours. The mixture then diluted with 

methylene chloride (30 ml) and washed with 2N aqueous citdc acid (3 x 20 ml), 
brine (20 ml), dried ovea- MgSO^, treated with charcoal and filtered titeough 
celite. Evaporation of the solvent in vacuo provided 5-bromo-l- 
(phenyisulfonyl)indoline(3.2 g), *H NMR (DMSO-d„ 400 miz) 6 7,83 <2H, d), 

15 7.68 (IH, t), 7.61 (2H, t)» 73 1 -7.43 (3H, m), 3.93 (2H, t), 2.92 (2H, t); tj, - 
19.30miii (RP-HPLG, 25-100% acetonitrile-O.lN anrnicaiium acetate, 25min) 

b) l-(phenylsulfoByl)-5-(4,4,5,5-tetraniethyl-l,3,2-dioxaborolan-2-yl)iiidoline. A 
mixture of the 5-bromo-l-(phenylsulfbnyl)indoUne (1.0 g, 3.07 mmol), 

20 bis(piiiacolato)diboron (0.935 g, 3.68 mmoi), potassium acetate {0,902g, 9.202 
mmol) and [1/l'-bis(diphenylphosphino)ferroceiie]dichloropalladium(n) (88 mg, 
0.092 mmol) in DMF (20 ml) was heated under an atmosphere of nitrogen at 
lOO'C for 16 hours. The DMF was evaporated in vacuo and the residue 
triturated with toluene (20 ml) then the solids were reanoved by filtration throng 

25 celite. The filtrate was w^hcd with water (3x15 mi) then dried over MgS04, 
filtered and evaporated to a residue which was used crude in tiie next step. 'H 
NMR (DMSO-d,;, 400 MHz) 6 7.83 (2H, d), 7.43-7.68 (6H, m), 3.94 (2H, t), 
2.94 (2H, t), 1.26 (12H, s); t^^ 21.23 min (RP-HPLC, 25-100% acetonitrtle- 
O.IN ammonium acetate, 25min; 

30 

c) 7-cyclopentyl-5-[Hphenylsulfonyl)-2,3-dihydro-lH-5-indo}yl]-7H-pyn"oIo[2,3- 
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d]pyrimidi«-4-airane. A mixtitte of sodium carbonate (92 mg, 0.087 tnniol), 4- 
cMoro-7-oydopenty1~5~iodo-7H-pyiTo!o[2,3-4]pyrimi<Mne (100 mg, 0,288 
jtnmol), i-(phenylsulfon.yl)-5-(4,4,5,5~tetrametfcyi-l ,3,2-dioxaborolaii-2- 
yOindolme (200mg, 0,431minol), fetrakisCtripheiiy}phosphiiie)pailadium(0) {17 
5 mg, 0,0144 mmol), water (3 ml) md DME (6 ml) was heated at reflux under an 
atmosphere of nitrogen for 16 hours, cooled and tiie solvent removed in vacuo. 
The residue was partitioned between ethyl acetate (10 ml) and water <5ml). The 
organic layer was evaporated and the residue was dissolved in i,4-dtoxane (6 ml) 
and concentrated aqueous ammonium hydroxide (6 mi) then heated at i20''C in a 

i 0 sealed tube for 1 6 hours. The solution was cooled and the solvent removed in 
vacuo. Purification by reverse ph^ MPLC using a Ci8 column and 25-75% 
acetottitriie-O.l N animonium acetate, 25 min as an eluent ibliowed by 
lyopMIi2attiongave7-cyclopenty1-S-[l-(pbenylsulfonyi)-2,3-dibydro-lH-5* 
indolyI]-7H-pyrrolo[2,3-d3pyrimidin-4-amine (23 mg) as a tan solid, 'H NMR 

15 (DMSO-d^ 400 MHz) 6 8.11 (IH, d), 7.85 (2H, d), 7.70 (IH, t), 7.54-7.61 (3H, 
m), 7.25-7.33 {3H, m), 6.0 (2H, s), 5.06 (IH, m), 3.96 (2H, t), 2.95 (2H, t), 2.11 
(2H, m). 1.90 (4 H, m), 1.67 (2H,m); t« = 16,37 min (RP-HPLC, 25-100% 
acetonitrile-O.lN ammonium acetate, 25min) 

20 Example 9; Nl-[4--(4--amino-7-cyck>pentyl-7H-pyrro!o[2,3-d]pyrimidin-5-yi)-2- 
cMorophenyl]~N i -methyl- 1 -benzenesuifonamide 

a) Nl-(4-bnjmo-2-chloiophenyi)~i~bsnzenesulfonamide. Benzene sulfonylchloride 
(2.11 g, 12.0 mmoi) was added dropwise under an a&nosphere of nitrogen to a 

25 stirring solution of 4-bromo~2-chloroaniline (2.06 g, 10.0 mmol), p)nriidine (3.95 
g, 50 mmol) and methylene chloride (15 ml). The mixture was stirred for 3 
hours then diluted with etiiyl acetate (75 ml) and washed with water (3 x 20 ml), 
brine (20 ml) and then dried over MgSO^, filtered and evaporated to give 3.2 g 
(92%) of Nl-(4-bromo-2-chioropheny])-l-benzene.mlfonaimdc as an orange 

30 solid, KMR (DMS0-d<5, 400 hMz) 6 10.10 (iH. s), 7.7 (2H, d), 7.53-7.65 

C4H, m), 7.46 (IH, d), 7.18 (IH, d); "C NK'IR (DMSO-d^, 100 MHz) 6 140.0, 
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131.1, 133.0, 132A i30.S, B0.3, 129,2, 128.S, 126.6, 119.0; iow-resoiution MS 
in./e346{M-ir) 

b) N 1 -(4-bromo-2-chioropheayl)-N i -metliyl- 1 -benzeaesulfonamide. The N I -(4- 
5 bix>mo-2-chlorophenyl)-l~be»z:e3iesulfonariiide (1.0 g, 2.89 mmoi) in DMF (S 

ml) was added under an atmosphere of nitrogen to a mixture of sodium hydride 
(0. 14 g of a 60% dispersion in mineral oil, 3.47 mmol) in DMF (7 ml) at 0"C. 
The mixture was then treated with iodomsthane (0.452 g, 3.1 8 mmol) while 
maintaining the temperature at <Cr'C, The mixture was wamied to ambient 

10 temperature* stirred for 16 hours tl-ien water (100 ml) was added. The mixture 
was extracted vvith ethyl acetate (3 x 20 ml) and the combined organic layers 
washed with water (3 x 20 ml), dried over MgSO^, filtered and evaporated to 
give Nl-(4~bmmo-2-chlorophenyi)-Nl-methyl-l-benzenesulfonaimde (0.55 g). 
'H NMR (DMSO-d,, 400 MHz) 5 7.87 (IH, s), 7.55-7.80 (6H, m), 7.00 (IH, d), 

15 3.11 (3H, s); - 19.58 min (RP-HPLC, 25-100% acetonitrile-0. IN ammomum 
acetate, 25min) 

c) Nl~[2~chloro-4-(4,4,5,5-telfaniethyl-1p,2-dioxaborolan-2-yI)phenyl]-Nl- 
methyl-l-benzenesuifonamide. A mixture of the Nl -(4-bromo-2-chIorophenyi)- 

20 Nl-methyl-l-benzenesulfonamide (0.5 g, 1 .389 mmol), bis(pinacoiato)dibomn 
(0.423 g, 1.66 mmol), potassium acetate (0.408g, 4.167 mmol) and j;i,l 
bis{diphenylphosphino) ferrocene] dichioR>paliadiijm(II) (34 rag, 0.042 mmol) 
in DMF (20 ml) was heated under an atmosphere of nitrogen at iOOT tor 16 
hours. The DMF was ev^orated in vacuo and the residue trittirated with toluene 

25 (15 ml) then filtered through celite to give Nl ~[2-cMoro-4-(4,4,5,5-tetramethyi- 
l,3,2-dioxaborolan-2-y})phaiyI3-Nl-methy1-i-benzenesulfonamide (0:25 g) as a 
daxk oil which w^s used crude in the next step, 'H NMR (DMSO-d;;, 400 hSHz) 6 
7.93 (2.H, d), 7.57-7.75 (511 m), 7.07 (IH, d), 3,12 (311 s), L29 (12H, s) 

30 d) Nl~[4~(4~amino-7-cyctopeiityl-7H-pynx)io(2J-d3pyrimi 

ch1orophenyl]-Nl-methyH-benzenesulfonamide, A mixture of sodium 
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carbonate {92 mg, 0.087 mmol), 4~cMoro-7-cyclopentyi-5-jo<io~7H-pynx>lo[2 J- 
djpyrimidme (100 mg, 0.2S8 mmol), Nl-[2-chloro-4-(4,4,5,5-tetramethyl-1.3,2- 
dioxaborolan-2-y!)phenyI]-N I -methyl- l -benzenesaUbnamide (244mg (72% pure 
by weight), 0,432inmol), tetra1ds(triphenylphospMne)palladiuni(0) (17 mg, 
5 0.0144 imnol), watar (3 ml) JHid DME (6 ml) was heated at reflux under an 
atmosphere of nittogen for 16 hours, cooled and the solvent removed in vacuo. 
The residue was pMitit>ned between ethyl acetate (20 ml) and water (10ml). 
The organic layer was evaporatai and the residue was dissolved in 1,4-dioxane 
(7 ml) aiid aqueous concentrated ammonium hydn^xide (7 ml) then heated at 

10 120"C in a sealed tube for 16 hours. The solutian was cooled and the solvent 

removed in vacuo. Fiiriftcation by reverse phase MPLC using a CI 8 colonm and 
25-75% acetomtrile-O.l Nammomiun acetate, 25 min as an eluent followed by 
lyophilizationNl-[4-(4-ainino>7~cyclopentyl-7H-pyrrolo[2,3-d3pyrimidin-5-yl)- 
2-chloroplienyi]-Hl -methyl- l-benzenesuifoaamide (20 mg) as a tan solid. IH 

15 NMR (DMSO-d„ 400 MHz) d 8.15 (IH, s), 7.74-7.80 (3H, m), 7.64-7.66 (2H, 
m), 7,60 (IH, s). 739 (IH, d), 7.08 (IH, d), 6.20 (2H, s), 3.16 (3H, s), 2,14 (2H, 
m), 1,91 (4 H, m), 1.69 {2H, ro); low-r«solution MS m^e 481 (M~H*); t^ « 22.45 
min (RP-HPLC, 25-75% acetonitrile-0. 1 N ammonium acetate, 25min) 

20 Example 10: Nl [5 -(4-am{no-7-cyclopentyi-7H-pyn'oio[2,3-d]p>^midin-5-yI)-2~ 

p>Tidyl]- i -benzenesulfoniimide. 

a) t^-btttyl N-(5-bromo-2-pyTidyi)carbamate.A mixture of 5-bromo-2- 
pyridinamine (4.0 g, 23.i mmol) md di-tert-butyl dicarbonate (6.31 g, 28.9 

25 mmol) in tetrahydrofuran (50 ml) was heated at reflux for 20 hours. The mixture 
was allowed to cool to ambient t^pmfure and the solvent was removed under 
reduced pressure. Metitiylene chloride (30 mi) and ethyl acetate (30 ml) were 
added and the mixture was extracted with saturated aqueous sodium bicarbonate 
(25 mi). The oiganic layer was evaporated In vacuo and approximately one 

30 quarter of the residue was purified by silica gel flash column cJu-omatography 
using 95:5 n-heptane:''ethyl acetate as an eluent to give tert-butyl N-(5-bromo-2~ 
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pyridyDcarbainate (0.61 g) as an oil. 'H NMR (DMSOA,400MHs!) 6 9.96 
(lH,sX 834 (IH. d), 7,93 (iH, dd), 7.7? (IH. d), 1.47 (9H, s) 

b) t«rt-biityl N-[5-(l J 4-trinietiwistaimyl)-2-pyridyi]caibaiaate, A mixture of tett- 
5 butyl N-(5-brortio-2-pyridyi)carbaraate (0.5 g, 1 .83 mmoi), hexaniethylditjB (0.6 

g, i.832 iTiniol) andtetrakjs(tripheny1phosphine)panadiimi(Q) (130 rag, 0.107 
mmol) aiid dimethoxyethanc (i 0 ml) was heated &t WC under an atomospbeare 
of nitrogen for 15 hoars. The mixture was allowed to cool to ambient 
teiTiperatiire a«d then the solvent was removed under reduced pressure. The 
10 residue purified by flasb column chromatopaphy oti silica «.sing 
heptane/ethyl acetate (95:5 as an eluent to give tert-butyl N-[5~(l ,1,1- 
trimetbylstannyl)-2-pyridyl3carbamate (242 mg) as an oil: 'H NlVfR (0MSO~d^_ 
400MHz) 6 931 (IH, s), 8,15 (IH, s), 7,65-7.72 (21-1, m), 1 .44 (9H, s), 0.24 (9H, 
s); low-resoMon MS m/e 481 

15 

c) tert-butyl N-[5-(4-aniiEio-7H;ycIopettt>i-7H-pyrroIo[23-d]p>'rimidin-5-yl)-2- 
pyridyljcarbamate. A mixture of tert-butyl N-[5-(i ,1,1 -triraetbylstannyi)-2- 
pyridyljcarbamate (230 mg, 0.644 mmo}), 4-Chloro-7-cyclopentyl-5-iodo-7H- 
pyn'oio[2,3 -d]pyrimidine (225 mg, 0.644 mraol), tris(diber!zylideneacetone) 

20 dipaliaditJm(O) (30 mg, 0.0322 mmol), Iriphenylarsine (50 mg, 0, 161 mmoi) and 
0MF (8 mi) was heated at 80"C under aa atmosphere of nitrogen for 18 hours. 
The mixture was allowed to cool to ambient temperature and the solvent was 
removed under reduced pressure to give a residue which was partitioned betweai 
water (5 ml) and ethyl acetate (20 ml). The organic layer was separated md the 

25 organic layer was ftirther extracted with water ( 5 ml) brine (5 ml), dried over 

MgSO^, filtered and evaporated to give a residue which was purified by silica gel 
flash chromatography using heptane/ethyl acetate (8:2) as an eiuent to give tert- 
butyiN-[5-(4-amjRO-7-cyclopentyl-7B-p>TrolQ[2,3-d]pyrimidiTi-5-yi)-2-- 
pyridyl]caibainate (170 mg) as atan solid.;'H NMR (DMSO-a«_400MHz) 6 9.66 

30 (1 H, s), 8.58 (iH, s), 8.35 (iH, s), 7.89 (IH, s), 7.S2 (2H, m), 5.2 (IH, m), 2.16 
(2H, m), 1.92 (4H, m), 1 .71 (2H, m), 1 ,47 (9H, s); 
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d) 5.(4<hioro-7-cycbpmi>4-7T:I-p>Trolot2,3-d]pyrimidm-5-yi) 

TrifluoroaceUc acid (2 ml) waus added dropwise to a solution of tert-butyl N-[5- 
{4-ammo-7-cyclopentyI-7.Hijyrrolo[23-d]p>x5mMm-5-yi)-2-p^^^ 

5 (1 65 mg, 0.4 mmol) m dtchloromethane (7 ml) at O^'C. The ice bath was removed 
and tiie reaction mixture was stirred at room temperature for 6 h. The solvents 
were removed in vacao then the residue was redissoived in ethyl acetate (55 ml) 
and washed with saturated aqueous sodium bicarbonate solution (10 ml), dried 
over magnesium sulfate, fdtered and evaporated to give 5-(4-cliloro-7- 

10 cyclopentyi-7H-pyi'roio[2,3-d3pyiimidirj-5-yi)-2~pyriditiaitttae (1 33 mg); 'H 

NM-R {DMSO-4, 400MHz) 6 8.63 {IH. s). 8.05 (IH, dd), 7,86 (iH, d), 7.55 (IH, 
d), 6.52 (IH. d), 6.06 (2H, bs), 5.20 (2H, m), 2.16 {2H, m), 1.97 ( 4H, m), 1.72 
(2H, m); low resolution MS, m/e (MH') 314. 

15 e) Nl 45<4-chloro-7.cycloperityl-7Il-pyrrolo[2,3-d]pyriiiudin-5-yi)-2-py^ 

benzenesulfoiiaraide. Benzenesulfonyl chloride (366 mg, 2,07 mtnoi) was added 
under art atmosphere of nitrogen to a stirred solution of the 5-(4-chloro-7- 
cyclop8ntyV7H-pym^loi;2,3-d]pyTimidin--5-yl)-2-p>'i-idinainirie (125 mg, 0.4 
mmol) and pyridine (294 mg, 3.7 mmol) in methylene chloride (10 ml). The 

20 mixture was heated at 80T for 20 hours in a sealed tttbe. The mixture was 
cooled and tlie solvents ex^aporated in vacuo. The residue was redissolved in 
methyiene chloride {50 ml) and washed with saturated sodimu bicarbonate (15 
mi), dried over MgSO^, filtered and evaporated to a residue which was purified 
by silica gel flash oolumrj chromatogr^hy using heptane/ethyl acetate as an 

25 eiuent to give Nl-[5-{4-ch1oK)~7-cyciopcntyl-7H-pyrrolo[2,3~<i3pyri«tidiii-5-yl)- 
2-pyridyi]- 1 -benzenesultonaniide (90 mg) as a tan solid, 'H NMR (DMSO-d«, 
400 MHz) 6 11.3 (IH, bs), 8,66 (IH, s), 8,2 (UI ba), 7.89 -7.99 (4H, m), 7.54- 
7,62 (3H, m), 7.2 (IH, bs), 5.2 (IH, m), 2.16 (2H, m), 1 .92 (4H. m), 1 .71 (2H, 
m); low resolution MS, mfe (MH*) 454. 



f) N^[5K4-amino-7-cydopentyl-7H-pyr^oio{2,3-d3pyTimidin-5-yl)-2-pyridyl]-l - 



wo 06/17282 



PCT/US99/21536 



-83- 

benzeaesuifonaiiide. A mixture of tiie Nl -[5-(4-chloro-7-cycIopeatyl-7H- 
p>TroIo[2,3~d]pytimidm-5-yl)-2-pyridyl3-i -benzeiiesulfouamide (90 mg), 
concentrated aqueous ammonium hydroxides (5 ml), and 1,4-dioxane (5 ml) was 
heated at 12<f C in a sealed tube for 16 hours. The solution was cooled to room 
5 temperature and the solvent r^ove in vacuo. Purification by WLC using a 
CI 8 column md 25-100% acetonitriie-O.lN ammonium acetate,25 miii as an 
ehient foliowed by lyophilization afforded Nl-[5-<4-amino-7-cyciopentyi-7H- 
pyrroio[2,3-d]p3'rimidin-5-yl)-2-pyridyl]-l-benzenesulfonamide (20mg) as a tan 
solid. 'H NM'R (DMSO-d„ m miz) 6 8.12 (IH, s), 8.08 {IH, bs), 7,92 (2H, d), 
10 7.79 {2H, d), 7.60 (3H, m), 7.44 (IH, s), 7.23 (IH, d), 6.19 (ZH, bs), 5,05 (IH, 
m), 2. 1 0 (2H, m), 1 .91 (4H, m), 1 .67 (2H, m); low-resolution MS m/e 435 
(MH'). 

Example 31: N 1 -[4-(4.Araino-7.cyciopent>'l-7H-pyrrolo[2,3-d3pyiimidin-5-yl)-2- 
1 5 chloK>phenyl]-2-cyano- 1 -benzenesulfonamide 

a) 5-(4-Aimno-3-ch1ofophenyl)-7-cyclopenty1~7H-pyrro}o[2,3-d]pyrimidin-4- 
amitie. Example 1 1 was prepared using the same method as for 5-(4-araino-3- 
methoxyphenyl)-7-cyclopentyl-7H-pyrrolo[2,3~d]p>'rimidin-4-amine 'HNMR 

20 (DMSO-d, 400MHz) 6 8.10 (.s, IH), 7.29 {s, 2H), 7,12 (dd, IH), 6.88 {d, IH), 
6.00 (broad, 2H), 5.41 (s, 2H), 5.06 (m, IH), 2.09 (m, 2H), 1.87 (m, 4H), 1.68 
(m, 2H); mCmi TLC (ethyl acetate) 0.27; RP-HPLC (Hypersil CIS, 5 }im, 
200 A, 25 an; 25%-100% acetonitrile - O.IM ammonium acetate over 25 min, 1 
ml/min) R, 14.02 min. 

25 

b) Ni~[4-{4-Amino-7-cyclopOTtyl-7H-pyrroio[2,3-d3pyrimidin-5-yi)-2- 

chlorophenyl]-2-cyano-l -benzenesulfonamide, A mixture of 5-(4-am3flo~3- 
chlorophenyI)-7-cyciopentyl~71J~pjTrrolo[2,.>-d]pyrimidin-4-amiTie (0.098 g, 0.30 
mmol), 2-cyatiobenzenesul&nyi chloride (0.072 g, 0,36 mmol) and pyridine 
30 (0.98 mi) was stimjd at TOom ten^erature for 16 h. Most of pyxidine was 

removed under reduced pressure and the residue was purified by preparative RP~ 
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HPLC (Raisin CIS, S [im, 300 A, 25 cm; 25%-100% acetonitiite - O.IM 
ammoniuiB acetate over 25 mm, 21 ml/min) to give Nl-[4-(4-amino-7- 
cydopmtyl-7H-pyrToloi'23-43pyrimidin-5-yl)-2H;hlorop^^ 
benzeBesuIfonamide as a white solid (0,025 g, 0.05 mmol); NMR {CDCl,, 

5 400MHz) 6 8.3 i (s, IH), 8. 1 7 (d, IH), 7.70-7.82 (m, 5H), 7,44 (s, IH), 7.40(dd, 

iH), 7.00 (s, IE). 5.27 (brcad, 2H), .5.00 (m, IH), 2.23 (m, 2H), 1.79-3 .90 (m, 
6H):; MHM93; TLC (ethyl acetate) R. 0,30; Rl'-Hi>LC (H>i>ei-sil CIS, 5 ^m. 200 
A, 25 cm; 25%-l00% aceioniiriie ~ O.IM aramonium acetate over 25 mm, I 
ml/min) R, 15,27 min. 

10 

Example 12; Ni -f4<4-Aiiiino-7-cycbpentyl-7H-p>'rroioE23-d3pyrimidiii-5-yl)-2- 
chiorophenyl j-3-cyano- 1 -benzertesuifonainide- 

Example 12 was prqjared using the same method as for Nl-[4-<4-Amino-7- 
cyclopentyI-7H-p>Trolo[2,3-d]pyrin«diii-5-yl)-2-ch1ofOpiienyl]-2-cyano-l- 

1 5 benzenesulfonamide {Example 11). 

'HNMR(CDCl3, 400MHz) 6 8.30 (s, IH), 8.07 (m, 2H), 7.86 (d, IH), 7.73 (d, 
HI), 7.65 (dd, IH), 7.43 (s, 2H). 7.05 (s, IH), S3Q (broad, 2H), 5.20 (m. Hi), 2,44 
(m, 2H), 1.77-1,89 (m, 6H); MHM93; RP-HPLC (Hypersil CIS, 5 j-im, 200 A, 25 
cm; 25^0-98% acetonitrile - 0. t M ammonium acetate over 25 min, 1 ml/min) li^ 

20 15,52 min. 

Example 13 : N3-(4-(4-Amino-7-cydopettty}-7H-pjTrroio[2,3-djpyrimidiii-5-yi>-2- 

chlorophejiyl]-3-pyridinesulfonamide. 

Example 13 was prepared using fee same method as for Nl-(4~(4-Amino-7- 
25 cyolopentyl-7H-pyrrolo[2,3-d]pyrimidin-5-yl)-2-cMorophenyij~2-cyano~l~ 

beBzenesulfonamide I (Example 1 1 ), 

'H NMR(CDCI,. 400MH/) 6 8.97 (s. Uih SI (dd. Hi). 8.33 fs. Hi), 8 13 (dd. 

IH). 7 '7 ^<3, IH). 44 (m, 3H), 7 02 ts. Hi), 5 21 (m. Hi). 5 n<, (broad, 2HK 2 24 

{•Ti, 1 X'i on, 6n), Mir 469. RP-HPLC (HypcrsUCl^, ^ iim, 200 A, 25 
30 cm; 25%-98% acetonitrile - 0. IM ainmoiiium acetate over 25 mm, I mi.''mm) R, 

13.03 min. 



wo 60/17202 



PCT/US99/2i536 



-85- 

Example 14: HI -[4-{4-Aroino-7-cydopentyi-7H-pyn:olo[2 J-djpyriiiiidin-S-y^^^^^ 
chlorophenyI]-2-trifluojrom^yi- 1 -beazenesultbnaniide. 

Example 14 was prepared using the same metliod as for N I -[4-(4-Amino-7- 
5 cyclopentyI-7H-pyrrolo[23-d}pyrin^idm-5-yI)~2~chlorophen^^^ 
benzenesulfonamide (Eample 11). 

'H N\m (CDCl , 400MH/) 6 S.33 <s, IHk S-O^^ (d. IH). ".92 (d, 01), 7.72 (m, 
211). 7.04 (in, !H\''.41 {s, jHK7.36ld, !H), 'MXU^, Uil S.21 unuiilple, lin,5.0l 
f broad, 2H), 2 25 (m, 2Hl v: (in, 6H); MH' 536; RP-HPi C (Hypersii CIS, 5 

10 ^m, 200 A, 25 cm; 25%-98% acetoaitrile ~ 0. IM ammonium acetate over 25 mm, 1 
mi/min) R. 18.1 5 mm. 

Example 15: N144~(4-Amino-7~cyclopentyl.7H~pyTrolo[2,3-d3pyiimidin-5-yl)-2- 

di!oroph«iyl]-3-trifluoromethyl-l-benzenes«lfoiiai»ide, 
1 5 Example 1 5 was prepared using the same me&od as for . Nl -[4-(4-Aimno-?- 

cyclopenlyi-7H~p>Trolo[2,3-d]pyrimidin-5-yl)-2~chlon>plienyl]~2-cyano-l- 

benzenesulfonamide (Example 11). 

'H miR (CDCl,, 400MHz) 6 8.29 (s, IH), 8.04 (d, 2BI 7.85 (d, IH), 7.77 (d, 

IH), 7.65 (m, IH), 7.38 (m, 2H), 7.07 (s, IH), 6.01 (broad, 2H), 5.20 (m, IH), 2.27 
20 (m, 2H), 1.79-1 .90 {m, 6H); MlV 536; RP-HPLC (Hypersii C18, 5 pm, 200 A, 25 

cm; 25%-9S% acetomtrtle - O.IM ammonium acetete over 25 min, } ml'min) 

18.43 mm. 

Example 16: Nl -4-[4-amitio-7-(3-hydroxycyciopesntyI)-7H-pyrro]o[2,3- 
25 d]pyrhmdin-5-y!]-2-chIoropheiiyI-I-bejnzenesu3fonamide 

tO 4-(4-chIoro-5-iodo-'^H-p\Troio[2,3-d]p\nmidin-7-\!)0-cyck)pontai-l-nf 

Drncthvl faulfo-^ids (3 5 ml) w as >.;eg,3sscd and ihen btirrcd itnd^i au uUut>spbere 
of niirogen The reaction x esse' a as protected ftom light and then 4-thlorQ-5- 
30 iodo-7H-pvrrolof2,3-djpyrHmdine (570 mg, 2,03 mmol) aiid tetrakis 

(ttiphenylphosphlne) palladium(0) (0.05 g, 0.041mmoi) were added. The 
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mixture was stirred for 2 minutes then cooled to O^C. The mixture was then 
treated with the 2,4a-dihydro-iaH-cyclopenta[b3oKiiene (200 mg, 2.44 mmol) 
which was dissolved in tetrahydrofuran (3.5 ml) and added in a dropwise fashion 
over approximately 15 minutes. The reaction mixture was stirred at O'C for three 
5 hours then warmed to ambient tempei-ature and stirred for 1 5 hours. The mixture 
was then treated with an additioaal portion of epoxide (85 mg, 3 .04 mmol) aud 
tetrakis(tripbenyiphosphme)paikdiom(0) (0.025 g, 0.020 sDmoi) and strirring 
continued for another 24 hours. The mixmre was then partitioned between ethyl 
acetate (20 ml) and water (20 ml). The layers were separated and the aqueous 

10 layer washed with methyiene chloride (3 x 20 ml). The organic layers were 
combined, washed with water (20 ml), dried over magnesium sulfate, filtered 
and evaporated. Purification of the residue by reverse phase MPLC using a CIS 
column and 25-50% acetonitrile-O, I N ammonium acetate, 15 min as an eluent 
followed by evaporation of the acetomfrile sad collection of the resul^ng solids 

15 by filtration aiJbrded 4-(4-chloro-5-iodo-7H-pynx>1o[2,3-d]pyTimidin-7-yl)-2- 

cyclopenten-I-ol (365 mg) as a tan solid. 'H NMR (DMSO-d^, 400 MHz) 6 8.66 
(iH, s), 7.87 (IH, s), 6-20 (IH, m), 5.93 (IH, m), 5.77 (IH, m), 5.27 (IH, d), 
4.72 {IH, m), 2.89 (IH, m), 1.62 (IH, m); NMR (aMSO-d^, 100 MHz) 6 
150.9, 150.4, 149.9, 139.7, 133,8, 130,9, 116.2, 73.5, 57,8, 52.2, 41.1; iow- 

20 resolution MS ns/e 362 (Mir). 

b) Nl-2-chioro-4-(4-chlorO'7-{4-hydroxy-2-cyciopmteny1)-7H-pyttoloj;2,3- 

djpyrimidin-S-yljphaiyH-benzenesulfonamide. A mixture of sodium carbonate 
(130 mg, 1.213 mmol), 4-{4-chloro-5-iodo-7H-pyrrolof2,3-d]pyrimidin~7-yl)-2- 

25 cyclopentsn-l-ol (175 mg, 0.485 mmol), Nl~[2~chloio-4~(4,4,5,5-tetramethyl- 
1 ,3,2-dioxaborol8n-2-yl)phenyi]- 1 -bejizencsuifonaaudc (475mg, 0.727mmoi), 
tetrakis(triphenylphosphine) palladiam(0) (30 mg, 0.024 mmol), water (4ml) and 
DME (8 ml) wass heated at reflux under an atmosphere of nitrogen for 1 6 hours, 
cooled and the solvent removed in vacuo. The residue was partitioned between 

30 ethyl acetate (20 ml) and water (5mi). The aqueou.s layer was washed further 
with ethyl acetate (20 ml) and methylene chloride (2 x 20 ml). The combined 
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organic iayei^ were dried ovot MgSO^, filtered and evaporated to give an oii 
which solidified upon standing. Purification silica ge! flash chromatopaphy 
using hqjtaae/ethyi acetate (7:3) as an eiu^t provided the Nl-2-chloro-4-[4- 
chloit>-7K4-hydroxy-2~cyciopentenyl)-7H-pyrroio[23-d]p:^'Timidin~5~y^ 

5 1 -beixeencsulfonamide (45 mg) as a tan solid, 'H NMR (DMSO-d„ 400 MHz) 5 
10.06 (IH, s), 8.69 {IH, s), 7.29-7.80 (9H, m.K 6.19 (IH, m). 5.96 (IH, m), 5.85 
(IH, m), 5.22 (IH, d), 2.92 (m, m), 1.68 (IH, m) ; iow-resolmion MS m-'e 501 
(MH^); tj, - 1.4.82 min (RF-HPLC, 25-100% acetomtrile-O.lN ammomum 
acetate, 25mjn), 

10 

c) Nl-4-[4-aniino-7-<4-hydroxy-2-cyciopenlenyl)-7H~pyitoio[23-d]pyrimidin-5- 
yl]-2-chlorophenyl»l -benzenesulfonamide. The N 1 ~2~ch1oro-4-[4-ch.loro-7-(4- 
hydroxy-2-<yciopentenyl)-7H-p>TTolo[2,3-d]pyrimidin-5-yi3phenyl-1- 
benzenesulfonamide (45 mg) was dissolved in 1,4-dioxaiie (7 ml) and aqueous 

15 concentrated aimnonium hydroxide (? ml) tlien heated at 120T in a sealed tube 
for 16 hours. The sohition was cooled and the solvent removed in vacuo to give 
theNl-4-[4-amin0-7-(4-hydroxy-2-cyclopenienyi)-7H-pyrrolo[23-d]pyvimidin- 
5-y}]-2-ch{orophenyl-l-benzeResulfonamide which was used without further 
purification in the next step, low-resolution MS tri/'e 482 (MH*); t,( 10.75 min 

20 {RP-HPLC, 25400% acetonitrile-O.lN ammonium acetate, 25min), 

d) Nl-4~[4-amino-7-(3-hydroxycyclopentyl)-7H-pyTrolo[2,3-d]pyriraidiii-5-yli-2- 
chlorophenyH-bemenesulfonamide. A mixture of aikene (45 mg) and 10% 
palladium on carbon (25 mg) was stirred under an atmosphere of hydrogen at 

25 room temperature and atmospheric pressure for 19 hours then filtered through a 
0.2 urn cartridge ftter and the solvent removed in vacuo. Purificatioh by reverse 
phase MPLC using a CIS column and 25-100% acetonitrile-0.1 N ammonium 
acetate, 25 min as an eluent followed by lyophilization provided Nl-4-[4"aniinO' 
?-(3-hydroxycyclopentyI)-7H-pyrroiop3-d3p)'Tim5din-5-ylJ-2-cMorophenyl-l-- 

30 benzenesulfonamide (20 mg) as a tan solid, 'H NMli (DMSOds, 400 MHz) 6 

10.03 (IH, bs), 8.15 (IH, s), 7.7? (2H, d), 7,29-7.67 (7H, m), 6.12 (IH, bs), 5.14 
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(IH, m), 4.98 m> d), 4.23 (iH, d), 2,37 (tH, m), 2.02-2.12 <2H, mK- 1.77 (3H, 
m); low-resolution MS lo/e 484CM[H*); t« - 11.00 min (RP-HPLC, 25-100% 
acetonitriie-O.lN aannonium acetate, 25min) 

5 Bxampie 17: Nc^pentyIN-<4-{4-amino-7-cyclopentyl-7H-pyn-oIoI23-d]p>'T^ 
5-yl)-2-methoxyphenyl)carbamate 

Neopeiityichloroformate (28 uL, 0,186 mmol) was added dropwise to a 
stirring solution of 5-(4-amino-3-metlioxyphenyl)-7-cycSopentyl-7H-p>']Tolo[2,3- 
d]pyrimi.din~4-amine (50 mg, 0.155 mmo!) in pyridine (1 mL) aiid dichlorometliane 

1 0 (1 mL) under nitrogai at 0"C. After 10 minutes, the ice water bath was removed and 
the resulting mixture was stirred for 4 hours. The solvent was evaporated and the 
residue was taken into ethyl acetate. The organic layer was washed, dried and 
evaporated. The solid was purified by preparative TLC using dichioromethane 
/methanol (95:5) as the mobile phase to give neopatityl N-[4-(4-amino-7- 

1 5 cyciopentyl~7H-pyrrolo[23-4jpynmidin-5-yl)-2-methoxyphenyl]carbamate. 'H 

NlvfR {CDC%) 6 1 .00 (& 9H), 1,78 (m, 2H), 1.90 (m, 4H), 2.26 (m, 2H), 3.91 (s, 2H), 
3.94 {s, 3H), 5.22 (m, 3H), 6.22 (s, IH), 7.01 (s, IH), 7.08 (d, J= 8 Hz, 1 H), 7.25 (s, 
IH), 8,17 (br. d, IH), 8.32 (s, IH); LC/MS {MH"« 438), 

20 Bxampis 18: 3-Pyridylmethyl N~(4-(4-atTiino-7-cyclopentyi-7H-pyrrolo[2,3- 
d]pyr!inidin-5-y{)-2-metho,x>phenyI)cai-bamate 

a) 4-Nitropbeny1 (3-pyridylmethyl) carbonate. N-MethylB3orpholine (2.0 mL, 18,5 
jiHiiol) was added dropwise to st")lution of p-niirophenyl chloroformate (2.49 g, 

25 12.3 mmol) in dichioromethane (20 ml.) with stirring under nitrogen at 0"C, 

After 20 minutes, (lie ice- water bath was removed ajid the mixture was allowed 
to warm up to ambient tempea-ature. 3-pyridylcaihinol (1.0 mL, 10.3 mmol) was 
added to the mixture and the resulting solution was stirred for 30 minutes. The 
reaction mixture was diluted with ethyl acetate and washed with water, saturated 

30 sodium bicarbonate, brine. The organic layer was dried (MgSO^), filtered and 
evaporated to give a dark brown solid. The solid was recxystallized from ethyl 



WOfiO/17202 



acetate md heptane to give 4-nitropfaenyi (3-pyiidylmetliy1) cfflrbonate. 'H NMR 
(CDClj) 6 5.32 (s. 2H), 738 (m, 3H), 7.79 (m IH), 7.28 (m, 2H). 8.66 (d, J - 4 
Hz,U-I),8.72(s,!H). 

5 b) 3-P>Tidylmetiiyl N-[4~(4-anvino-7-cyclopentyJ-7H-p>TroIo[2,3-djp>Timidjn-5- 
yl.)-2-mefhoxyplier!y.l]cjirbamate. 4-Nitrophenyi (S-pyridylmethyl) carbonate 
(1 1 Img. 0 405 n!.fni:il) was added to a solution of 5-(4-ainmo-3-fnethoxjpheny1)- 
7-cyclopenty{-7H-pyrrolo[2,3-d]pyriniidin--4-aniine (79 mg. 0.244 mmol) in 
pyridine (1 mL) followed by caialystic ai^iount of N,N-dimethy1 pyridine. The 

10 resulting mixture was stirred under nitrogen at ambient temperature for 2 days. 
The solvent was evaporated aad tiiie residue was taken iiito ethyl acetate. The 
organic layer was washed, dried and evs^orated. The solid was purified hy 
preparative TLC using dichlororaethan«fmethanol (95:5) as th& mobile phase to 
give3-pyridyImc*hylN-(4-(4-ainiiK>-7-cyclopeiityl-7H-pyrrolo[23-<i]py«iHi 

15 5-yl)-2-methoxyphenyl] carbamate. "H NMR (CDClj) 6 1.78 (m, 2H), 1.90 (m, 
4E), 2.26 {m, 2H), 3.91 (s, 3H), 5.25 (m, 5H), 6.98 (s, IH), 7.01 fs, IH), 7,09 (d. 
J- 8 Hz, i H) 7.32 (m, iH), 7;77 (d, J-8 Hz, IH), 8.20 (br. d, IH), 8.32 (s, IH), 
S,64 (m,iH), 8.70 (s, IH); LC/MS (MH"'- 459). 

20 c) 3-Pyri.dyimethyI N-[4-(4-amiiK>-7-cyclopeniyl-7H-pyrro}o[2,3-d]pyrimidin-5- 

yI)-2-metiioxyphenyi]carbam8te hydrochloride. 3~Pyridyimethyl N44-(4-amino~ 
7-cydopaatyl-7H-pynt>io[2,3-d]pyrimidin-5-yi)-2-methoxjn?henyl3 carbamate 
(50 mg, 0. 109 mmol) was disolved in ethyl scetate (3.0 mL), The mixture was 
cooled to O^C and hydrogen chloride gas was passed through for half a minute. 

25 Precipitate formed immediately. The flask was cjqjped and the solution stirred 
for additional 10 mintites at 0°C. The solid was collected by filtration to give 3- 
pyridylmethylN-[4-<4-amirK>-7~cyclopentyl-7T:I-p>Trolo[2,3-d]pyrimidin-5-y1)- 
2-methoxypbeRyi]carbamate hydrochloride, 'H NMR(DMS0-4) S ^-72 (m, 
2H), 1.93 (m, 4H), 2.16 (m, 2E), 3,87 (s, 3H), 5.15 (m, IH), 5.26 (s, IH), 7,06 

30 (d, J-2 Hz, IH), 7. 14 (s, 1 H), 7.64 (d, J- 5 Hz, 1 H) 7.8 1 (m, 2H), 8.10 (d, .1-8 
Ez, IH), 8.47 (s, IH), 8.66 (d, J=5 HzlH), 8.78 (s,lH), 8.S7 (s, IH); LC/MS 
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Example 19: 3-Chlorocycioliexyl N~(4~(4~amino-7-cyclop8ntyl-7H-p>Trolo[2,3- 
d]pyrimidin-5-yl)-2-raethox>^henyl)cart>amate 
5 3-ChlorQcyclohexylcMorofoniiate (34 mg, 0, 1 86 mmol) was added drapwise 

to a stirring solution of 5-(4-amino-3-methoxypheny])"7-cyclopei5tyl-7H- 
pyn'o!o[2,3-d.]pj'rimidin-4-amine (50 mg, 0.155 mmol) in pyridine {1 mL) md 
dichioromethane (1 niL) under nitrogen at 0"C. After 10 minutes, the ice water bath 
was removed and the resulting mixture was stirred for 4 hours. The soivent was 

i 0 evaporated and ihc residtie was taken into ethyl acetate. The organic layer was 
washed, dried and evaporated The solid was purified by preparative TLC using 
dichioromethane /inethanol (95:5) as the mobile phase to give 3-chiorocyclohexy! 
N-E4-(4-amino-7-cyclopentyl-7H-pyrro]o[2,3~d]pyrimidin-S-yl)-2- 
methoxypheny1]carbaimte. =H NMR (CDCIj) 5 \ .46 (m, 2H), 1.78 {m, 4H), IM (m, 

1 5 4H), 2.00 (m, 2HX 2.28 (m, 4H), 3.93 (m, 4H), 4.84 (m, IM), 5.22 (m, 1H),5.27 (s, 
2H), 6.97 (s, IH), 7.03 (s, IH), 7,08 (d, J« 8 Hz, 1 H), 7.31 (s, IH), S.18 (br. d, IH), 
8.32 (s, nV); LC/MS {Mir= 484). 

Example 20: N-{4-(4-Aniino-7--cyciopemy}-7H-pyrrolo[2,3~d]pyrimidin-5--yl)-2- 

20 meihoxypheny{)-N'-benzylurea 

Benzylisocyaaate (24 «L, 0.194 mmol) in diehloromettiane (1 mL) was 
added dropwise to a stirring solution of 5-(4-amino-3-methoxyphenyl)-7- 
cyciopeiUyl-7H~pyrrolo[2,3-d]pyrimidin-4-amme (50 mg, 0.155 mmol) inN,N- 
diisopropylethylamine (153 «L, 0.881 mmol) and methylene chloride (2 mL) under 

25 nitrogen. The resulting mixture was stitred for 24 hours. The solvent was 
evaporated and the solid was porified by preparative TLC using 
dicMoromethane/methanol (95:5) as the mobile phase to give N-(4-(4-aniino-7- 
eyciopentyi-71i-pyrrolo[23-d]p>dmidin-5-yl)-2-methoxyphenyl)-N*-beazylurea. 'H 
NMR (CDCl,) 5 1 .78 (m, 2H), 1 .90 (m, 411), 2.26 (m, 2H), 3.86 (s, 3H), 4.48 (d, 

30 J-6 Hz, 3H), 5.24 (m, 4H), 6.93 (s, IH), 6.98 (s, IH), 7.00 (s, IH), 7.04 (d, J- 8 Hz.,. 
1 H), 7.29 (m, 5H), 8.17 (d, J«8 Hz, IH), 8.31 (s, IH); LC/MS (MH^= 457). 
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Example 2 1 : Benzyl N-[4-(4-amko-7-cydo|3enty}-7H-p>TTolo[2,3-d]pyriraidm-5- 
yl)-2-m^hoxyphenylJcarbmnate. 

A mixtme of 5-<4-anano-3-methoxyphmyl)-7-cyciopmtyl-7H-pyrro{o[2,3-- 
5 d]pyriraidm-4-ainme {0.025 g, 0.08 mmol), benzyl cMorofoimate (0.016 g, 0.09 
mrnol), pyridme {0.50 tn!) and dichloiomethaiie (0.50 ml) was stkred at room 
tcanperature over the weekend aad poured into watssr. The resulting precipitate was 
collected by ^iteration and purified by flash coiunm chcDmatography on silica usmg 
ethyl acetate/n-heptarie (9: 1) as the laobik ph^e to give beii2;>4 N-[4-(4-amino-7- 

10 cyclopemyl-7H-pyrroIo[2,3-d]pyrimidin-5-yl)-2-metbox>'phenyl3caxbamate as a 
white solid (0.002 g, 0.004 mmol): 'H NMR (DMSO-d^, 400MHz) 6 8.64 (s, IH), 
8.13 (s, IH), 7.74(4 IH), 7.34-7,45 (m, 611), 7.10 (d, IH), 7.02 (dd, IH), 6.08 
{bjoad, 2H), 5.16 (s, 2H), 5.08 (m, IH), 3.86 (s. 3H), 2.1 1 (m, 2H), 1.91 (m. 4H), 
1.69 (m, 2H); Mfr458; TLC (ethyl acetate) 0.32; RI>-HPLC (Hypersil CIS, 5 

15 {im, 200 A, 25 cm; 25%-100% acetonitrile - 0.1 M ammonium acetate over 25 rain, 1 
mI/rmn)Rt 19.00 min. 

Example 22: Benzyl N-[5-<4-ammo-7-cyclopentyl-7H-pyiroio[2,3-d]pyrimidin-5- 
yi)-2-methoxyphenyl]caibamate 

20 

a) 5-bromo-2-methoxraniiine, A mixture of 4-bronio-l-metboxy-2-aitrobenzene 
(3.0 g, 12.9 mrao!) and glacial acetic acid (25 ml) was heated at lOO^C under an 
atmosphere of nitrogen. Iron powder (2,2 g, 38.8 mmol) was added and the 
mixture was stirred for one hour at a temperature of 1 OOX. Tne mixftire was 

25 cooled to ambient temperature tlien water (100 ml) added and the mixture 
was extmcted with ethyl acetate (3 x 25 ml). The combined organic extracts 
were washed with saliirated aqueous sodium bicarbonate (3 x 25 ml) and then 
brine. The organic solution was dried over magnesium sulfate filtered and the 
filtTate evaporated under reduced pressure to give a residue. Purification of the 

30 material by flash chromatography on silica gel using heptan&'ethyl acetate (6:4) 
as an slaent yielded 5-bromo~2-methoxyaniline (2.0 g); 'H NMR (DMSO-dg, 
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mum d 6.76 (s, IH), 6.71 (4 IH), 6.61 (d, IH), 4.99 (bs, 2H), 3J4 (s, 3H); 
(TLC (heptane/ethy! acetate 1:1) R,- 0,5; RP-HPLC (Hypersil HyPurity Elite 
CI 8, 5 }jtm, 200A, 250 x 4.6 lam; 25-100% acetonitrile-0.1 M airnnonium 
acetete over 25 imn, IrnVrnm ) t,-13.33 min.; MS: Mfi* 443. 

5 

b) tert-btttyl N-(5~bromo-2-methoxyphenyl)cafbamate. A mixture of 5-broii50-2- 
methoxyaiiiine (1.50 g, 7.43 mmol), and di-tert-but>'i dicarbonate (1.95 g, 8.91 
mmol) in THF (20 ml) was heated at reflux for 20 hours. The mixt-ure was 
cooled to ambient temperature and then the solvent was removed under reduced 

1 0 pressure. The resulting oil was purified by flash cteomatography on silica gel 
using ethyl acetate/heptane (1:9) as anelufflRt to yield tert-butyj N-(5-brotno-2- 
methoxyphenyOcarbamate (2 J9g) as a colorless oil: 'H NMR (DMSO-d^, 
400MH2) 6 8.05 (s, IH), 7.93 (d, IH), 7,16 (d, IH), 6.95 (d, IH), 3.8 (s, IH), 
1 .47 (s, 9H); TLC (ethyl acetate / heptane 2:8) R, 0.4; RP-HPLC (Hypersil 

15 HyPority Elite CIS, 5 \xm, 200A, 250 x 4.6 mm; 25-100% acetonitrile-O.l M 
ammoniam acetate ov^a* 25 min, iml/min ) t~2l£ min. 

c) tert-but>'l N-[2--methoxy-S-(4,4,5,S-tenamethyi-L3,2-djoxaboroian-2-yl)p!ietiyl| 
carbamate. A mixtiire of tert-butyl N-(5-bromo-2-methox>phenyi)carbamate 

20 ( 1 . 1 0 g, 3 . 64 mmol) ,diboron pinacol ester ( 1 . 1 1 g, 4.37 mmol), [ 1 . T- 
bis(diphenylphosphino) ferrocenejdichioropalladium (EI) complex with 
dicMorom'ethane (1:1) (0.09g, 0.1 1 mol) and potassium acetate (1.07 g, 10.9 
mol) in N,N-dimethylformamide (20 mL) was heated at SD'C ujoder an 
atmosphere of nitrogen for 16 hours. The mixture was allowed to cool to ambiestt 

25 tonperature and the solvent removed imder reduced pressure. Dichloromethane 
(20 mL) was added to the residue and the resulting solid was removed by 
fiitrauon through a pad of celite. The Sltrate was concentrated to leave a yellow 
oil which was purified by flash chromatography on silica using ethyl acetate/ 
heptane (2;S) as mobile phase ro yield rerr-bmyl N~r2-metho,xy-5-(4,4,5,5- 

30 tetramethyl~l,3,2-dioxaboroian-2-yl)pheivyl]carbamate(0,96 g); 'HNMR 
(DMSO-d^, 400MH2) 6 8.03 (s, IH), 7.86 (s, IH) , 7.35 (d, IH), 7.0 (d, IH), 
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3.82 (s, 3H), 1-46 (s, 9HX 1.28 {s, 1^); TLC (ethyl acetate / heptane 2:8) = 
0.35; RP-HPLC (Hypersil HyParity Elite CIS, 5 jim, 200A, 250 x 4.6 mm; 25- 
100% ace^ouitrile-O-l M aiamomum acetate over 25 mn, Iml/mm ) tr«22.8 mn 

5 d) tert'butyl N-(5Kchloro-7-cydopmtyi-7H-pym)lo[23~d]pyrimidin-5-yl)-2- 
methoxyphenyOcarbamatc. A mixture of 4-chloro-7-cyclopen^1-5-iodo~7H- 
pyn-olo[23-d]pyrimidine (0.35 g, 1.0 inmol), tert-butyl N-[2-metl5.oxy-5- 
(4,4,5,5-tetramethyM,3,2-dioxaborolan-2-yl)phcnyl]carbamate {0.524 g, i.5 
mmoi), t;etraids(tripbeiiyiphosplime)palladium (0.07 g, 0.06 tmxol) and sodium 

10 carbonate (0.265 g, 2.5 nimol) was heated ia a mixture of ethylene glycol 
dimethyl ether {10 aiL) and water (5 mL) at 80" C for 18 hours under an 
atmosphere of nitrogen. The mixture was ailowed to cool to ambient temperature 
and solveafe were removed imder reduced pressure. The residue was partitioned 
between water (ISmL) and ethyl acetate (25 ml), the organic layer separated and 

15 the aqtieoos lays- further extracted with ethyl acetate (2 x 25 ml). The combined 
organic extract were washed with water (3 x 20 m!) then dried over magnesium 
sulfate, filtered and the fiitrate concentrated to an oily residue under reduced 
pressure. The materiai was purified by flash column chromatography oa silica 
using heptane,''ethyl acetate (5:1) as an eiuent to give tert-butyl N-(5-(chloro-7- 

20 cydopentYl"7H-p>Trolo[2,3 -d]p>TimidiR-5 -yi)-2-methox>'pheny])carbamaie 

(0325 g): 'HNNfR (DMSO-d^, 400MHe) 6 8.64 (s, 1.H), 7.93 {s, IH), 7.87 (m, 
2H), 7.17 (d, m% 7,06 (4 IH). 5.21 (m, IH), 3,86 (s, 3H), 1.65-2.25 (m, SH), 
1.45 (s, 9H); fiP-HPLC (Hypersil HyPurity Elite C18, 5 ^im, 200A, 250 x 4.6 
mm; 25-100% acetonitriie-O.! M ammonium acs^ate over 25 min, Iml/min ) 

25 t,=24.25 mia. MS: MIT 443. 

e) 5-(3-aiBino-4-Tiietlioxypheayi)-7-cyciopeinyI-7H-pyn-oloi23-dlpyrim 
amine, A soiution of tert-binyl N-(5-(chloro-7-cyclopentyi'7H-pyrrolo[2,3- 
dlpyrimidin-5-yl)-2~methoxyph€nyl)carbamMe (0.325 g, 0.735 mmo!) in 
30 dicMoromethane {14 ml) was cooled to (fC thm treated with trifluoroacetic acid 
(1 .4 mi). The solution was stirred at OX- for 5 min then warmed to ambient 
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temperature and stijred for a fur&er 16 hours. The solvents were evaporated 
under reduced pressure then the residue was partitioned between 
dicWoromethane (30 ml) and saMrated aqueous sodium bicarteonate (10 ml). 
The organic solution was dried over magnesium sulfete, filtered and the filtrate 
5 evaporated under reduced pressure to a foam. The raateriai was then dissolved 
in dioxane (4 ml) and concentrated (28-30%) ammonium hydroxide (4 mi) and 
the resulting solution was heated at 1 20''C in a sealed pressiire tube for 20 houi^. 
The solvents were evaporated and the residue was purified by preparative CIS 
RP-HPLC to give, after lyophiiization 5-(3-am3no-4-methoxvph8nyl)-7- 
1 0 cyclopentyi-7H-pyrrolo[2,3-d3pyrinudin-4-amine (85 mg): NMR (DMSO-d<s, 
400MHz) 5 8.10 {s.lH), 7.21 (s. iH), 6.87 (d, IE), 6.74 (s,lH), 6.58 (d, IH), 
5.06 (IH. m), 4.87 (bs. 2H), 3.8 (s, 3H), 1.6-2.2 (m, 8H); RP-HPLC (Hypersil 
HyPority Elite CIS, 5 [im, 20QA, 250 x 46 mm; 25-100% acetonittile-0.1 M 
ammonium acetate over 25 min» Iml/min )t~U .87 min.; MS; MH* 324. 

15 

f) benzy!N45-(4-amino-7<yclopentyl-7H-pyrrolo[2,3'd]p}'rimidiiv5'yi)--2- 
methoxyphenyijcarbamate. A solution of 5-(3-amino-4-methox>'phenyl)-7~ 
cyclopent>4-7H-p>Trolo[2,3-d]pyrimidin-4-amine (40 mg, 0.124 mmoi) in 
dichloromethane (1 mi) and pyridine (1 ml) was cooled to 0"C and then treated 

20 with benzyl chloroformate (32 mg, 0. 1 86 mmol) while maintaining a 

temperature of less than S^C. The solution was stirred tor another 1 hour at 0"C 
then the solvents were removed under reduced pre^ure. Purification by 
pr^arative C-1 8 RP-HPLC then lyophilization provided benzyl N-[5-(4-amino- 
7-cyciopetttyl-7H-pyrroio[2,3-d3pyrimidin-5-yl)-2-methoxyphenyljcaTbamate 

25 (25 mg) as a white powder: 'H ^^MR (DMSO-d^, 400MHz) 6 8.75 (s, IH), 8.1 1 
(s, IH), 7J5 (s, IH), 7.1-7.4 (m, 8H), 6.2 (bs, 2H), 5.15 (s, 2H), 5.07 (m, IH), 
3.8 (s 3H), i.6-2.2 (m, 8H), RP-HPLC (Hypersil HyPurity Elite €18, 5 jim, 
200A, 250 X 4.6 mm; 25-100% acetonitriie-0.1 M ammonium acetate over 25 
min, imi/min ) tr«18.63 min.; MS: MH" 458. 

30 

Example 23: Benzyl N"[5~(4-aniino~7-cyclopmtyI-7H-pyrroio[2,3-d3pyrimidin-5- 
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yl)-2-pyridyl3cajt»amate 

a) tert-butyl N-(5-bromo-2-pyri<Jyl)caibamate. The compound was prepared ftom 
5-bromo~2-pyridmaimne in the maimer described for compound (2): 'H NMR 
5 (DMSO-d,, 400MH2) 6 9.96 (s, IH), 8.49 (d, 0:1), 7.93 (dd, tH), 7.78 (d, IH). 
1.47 (s, 9H); TLC (e&yl acetate heptane 5:95) R^ QIB; RP-HPLC (Hypersil 
HyPuri^ Elite CIS, 5 jim, 200A, 250 x 4.6 mm; 25-100% acetomtrile~0.1 M 
ammonium acetate over 25 vam, iml/min ) t,=lS.50 min. 

10 b) tert-butyl N-[5-(l ,1,1 -trimethylstatmyl)-2-pyridyl)carbamate. A mixture of tert- 
butyl N-(5-broino-2-pyridyl)carbamate (1.67 g, 6.12 nrniol), hexamethyiditin 
(2.0 g, 6.12 mmol) and tetrafcisCtriphenylphosphine)paIkdimn (0,424 g, 0.367 
nnnol) in ethylraie glycol dimethyl ether (30 ml) was heated at SO'C under aa 
atmo&pbere of nitrogen for 15 horns. The mixture was cooled to ambient 

1 5 temperature and then the solvent was removed under reduced pressure. The 
resulting material was ptacified by tlash chromatography on silica gel using 
heptane/ethyl aceme (95:5) as mi dnmt to yield tert-butvi M-[5-(l,l,l- 
mmethylstaimyl)-2-pytidyI)caibajTiate (1 .11 g): 'H mm (DMSO-d^, 4OOMH2:) 
5 9.98 (s,m), 8.2 (t, m), 7.74 (m, 2H), L47 (s, 9H), 0.30 (t, 9H); TLC 

20 (heptaae/ethy! acetate 95:5) Rf 0.2; MS: MH* 359. 

c) tert-butyi H-[5-(4-chIoio-7-cyciopentyI-7H-pyrrolo[2,3-d3pyrinitdin.5-yl)-2- 
pyridyllcarbamats. A mixture of 4-cMoro-7-cyclopentyl-5-iodo-7H-pynrolo[2,3- 
djpyrimidine (0.25 g, 0.72 mmol), tert-btit>4 N-[5-(l,ia~trimethylstannyi)-2- 

25 pyridyl)carbai>ate (0.386 g, 1 .08 mmol), trv,'as(dib8ii2>'iideneacetone) 

dipdladium(0) (0.033 g, 0.076 mmo!) and triphenylarsins (0.055 g, 0.18 mmol) 
in N,N-<Mnietbylfonnamide (8 ml) was heated at 65X under an atmosphere of 
nitrogen for 18 hours. The mixture was cooled 10 ambient temperature and then 
the solvent was removed under reduced pressure. The resulting material was 

30 purified by flash chromatography on silica gel using beptaae/ethyi acetate 
(75:25) as an eluent to yield tert-butyl N-[5-(4-chioro-7-cyclopentyl-7H- 
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pj-iroiop^-dlpytimidiB-S-yO-Z-pjTidyllcarbainate (0. 13 g): m mm (DMSO- 
4, 400MH2) 6 9.83 (s, IH), S.68 (s, IH), S.40 (d, IH), 8.02 (s, IH), 7.85-7.93 
(m. 2H), 5.21 (m, IH), 1.65-2.25 (m, SH), 1.49 (s, 9H); TLC (heptane/ethyl 
acetate 8:2) R, 0.18; RP-HPLC (Hypersii HyPurity Elite CIS, 3 Jim, 200A, 250 
X 4.6 mm; 25-100% acetonitrile-0.1 M animomum acetate over 25 min, 
ljnl/ii!ia)t,=«21.68 mitt. 

5K4-ddom-?-cyclopefttyi~7H-pyiToio[23-d3pyriraidin-5-yi>2^^^ 
A solution of tert-butyl N-[5-(4-chloro-7-cyclopentyl.?H-pyrrolo[2.3- 
d]pyrimidin-5-yl)-2--pyridyl]carbamate (0.13 g, 0.31 5 mmol) in dichiotomethane 
(5.5 ml) was cooied to 0"C then treated with trifluoroacetic acid (0.6 ml). The 
solution was stirred at O^C for 5 minutes then wamied to ariibient temperature 
aad stiired for a fimher i 8 hours. The solvents were evaporated under reduced 
pressure then the residae wa$ partitioned between dichloromethane (30 ml) and 
saturated aqueous sodium bicarbonate (10 ml). The orgaiiic solution was dried 
over magnesium stdfate filtered and the filtrate evaporated uxider reduced 
pressure to give 5K4-cMoro-7.cyciopentyl-7H~pyiTolo[2,3-d]pyrimidin-5.yi)-2- 
pyridin-4-amine (92 mg): KP-HPLC (Hypersii HyPurit>- Elite C18, 5 jim, 200A. 
250 X 4,6 mm; 25-100% acetordtriie-O.l M ammomam acetate over 25 mia, 
Imymin ) t,-10.73 min; MS: MH*" 314. 

e) 5<6-amino-3-p>TidyI)-7-cyclopentyl-7H-p>Trolo[2,3-d]pyrimidin-4.ami The- 
5-(4-cWoro-7-K:yciopentyi-7H-pyrrolo[23-d]pyrimidm-5-yD-2-pyridi 
(92 mg, 0,291 mmoi) was dissolved in dioxane (2 ml) and concentrated (28- 

25 30%) amraomnm hydroxide (2 mi) and the resulting solution was heated at 

120"C m a sealed pressure tube for 24 hours. The solvents were evaporated to 
give5-(6^ino-3-pyridyl)-7-c>'olopentyl-7H-pyrrolo[23-d]pyrimidin-4-^ 
(105 mg): ilP-HPLC (Hypersii HyPurity Elite CIS, 5 }im, 200A, 250 x 4.6 mm; 
25-100% acetonitrile-O.l M ammonium acetate over 25 min, Imymin ) t,=-6.33 

30 min.; MS: MH* 295. 
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{) N-[5-(4-amino-7.eycIopentyl~7H-pym)io[2,3-d3pyrimidm^ 

pyridyljcarbamate. A solution of S-ie-ammo-S-pTOdyO-T-cyclopeiityi-TH- 
pynolo[23-4jpyrimidiiH^amine (105 mg, 0.29 mmoi) in tiicJiiorometlians (1.5 
mi) and pyridine (1.5 ml) was cooled to (fC and then treated with benzyl 

5 chiorofotmate (7S«ig, 0.44 mmol) while maintaining a temperature of less than 
The solution was wanned to ambient temperature &en stJired for 3 hoiars. 
B«izyl cMoiofoimate (75mg, 0.44 mmol) was added and the mixture stiixed for 
18 hours, additional benzyl cMorofoimate (75 mg, 0.44 mmol) was added and 
the mixture stirred for another 24 hotars. Benzyl chioroformate (150 mg, 0.88 

1 0 mmoi) mid pyri dine ( 1 mi) were added and the mixture stirred for another 24 
hoars. The solvents were evaporated under reduced pressiire then the residue 
was partitioned between ethyl acetate (25 ml) and water (10 ml). The organic 
solution was dried over magnesium sulfate, filtered and the filtrate evaporated 
under reduced pressure to give a residue. Purification by preparative C-18 RP- 

15 HPLC then trituration with diethyl ether provided N-[5-(4-amittO-7-cyclopentyl- 
7H-pyTroloE23-%>'rimidin-5-yl)-2-pyridyl3carbamate (21 mg) as a white 
powder: 'H NMR (DMSO-d,, 400MHz) 6 10.33 (s, IH), 8.36 (d, IH), 8.14 (s, 
IH), 7.91 (d, IH). 7.S4 (d, IH), 7.33-7.47 (m, 6H), 6. 1 1 (bs, 2H), 5.2 (s, 2H), 
5.06 (m. IH), 1.6-2.2 (m, 8H); RP-HPLC (Hypersil HyPuriiy Elite CIS, 5 

20 200A, 250 X 4.6 mm; 25-1 00% acetonitrile-0. 1 M ammonium acetate over 25 
min, Imiymiu ) 1-16.22 min; MS: IvlH* 429. 

Example 24: Benzyl N-[4-(4-amino.7-cyclopenty}-7H-pytroioi;2,3-dJpj'rimidin-5- 
yl)-3»m<ahoxyphenyl]carbamate 

25 

a) 4-bromo-3-methox:s'aniline, A mixture of l-bromo~2~methoxy-4.mtroben2en.e 
{3.0 g, 12.9 mmol) ^d glacial acetic acid (25 ml) was heated at iOO'C xmder an 
atmosphere of nitrogen, iron powder {22 g, 38.S mmol) was added mid the 
mixtore was stilted ibr one hour at a t^erature of lOO^'C. The mixture was 
30 cooled to ambient temperature, water (100 ml) was added and ihe mixture was 
then extracted with ethyl acetate (3 x 25 ml). The combmed organic extracts 
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were washed with saturated aqueous sodiam bicarbonate (3 x 25 ml) and then 
brine. The organic solution was dried over Tnagtiesium sulfate filtered and the 
fiitrate evaporated under reduced pressure to give a residue. Purification of the 
material by flash chromatography on silica gei using heptane/ethyl acetate (6:4) 
5 as m eiuent yielded 4-bromo-3-msihoxyaniline (1 .22 g): 'H NIVUL (DMSO-d,, 
400MHz) 6 7.1 (d, IH), 6.31 (s, IH), 6.1 (d, IH), 5.27 (bs, 2H), 3.72 (s, 3H); 
TLC (heptane/etliyl acetate i :1) Rf 0.33; RP-HPLC (Hypersil HyPurity Elite 
C18, 5 \im, 200A, 250 x 4.6 mm; 25-100% acetomtrile-O.l M ammonium 
acetate over 25 min, Iml/min ) ! 1 .05 min. 

10 

b) tert-butyiN-(4-tet}i»o.3-methoxyphcnyl)carbamate. The compomid 
prepared fxotn 4-bromo-3-njethoxya«iHne in the manner described for compoimd 

(2): 'H NMR (DMSO-d„ 400Ivm2) 6 9.46 (s, IH), 7.4 (d, iH), 7.35 (s, IH), 6.9S 
(d, IH), 3J8 (s, 3H), 1.48 (s, 9H); TLC (heptane/ethyl acetate 8:2) Rf 0.37; RP- 
15 HPLC (Hypersil HyPtirity Elite CIS, 5 \im, 200A, 250 x 4.6 ram; 25-100% 
acetonitrile-O.l M ammonium acetate over 25 min, ImL'min ) t,-l 8.60 min. 

c) tert-butyl N-[3.methoxy-4-<4,4,5,5-tetramethyl-l,3>dioxaborolan-2- 
yi)phenyllcaibamate. The compound was prepared ftom tert-butyl N-(4-bromo- 

20 3-methoxyphenyl)caibamate in the manner described for compound (3): 'H 

NMR (DMSOA. 400MHz) 6 9.44 (s, IH), 7.41 (d, IH), 7.17 (s, IH), 7.01 (d, 
IH), 3.68 (s. 3H), 1.48 (s, 9H), 1.24 (s, 12 H); TLC (heptaae/ethyi acetate 8:2) R^ 
0.28; RP-HPLC (llyp^tsil HyPurit>' Elite C18, 5 p.m, 200A, 250 x 4.6 mm; 25- 
100% acetomtriie-0.1 M ammonium acetate over 25 min, Iml/min ) t,=I8.83 

25 min. 

d) tert-butylN-t4K4-(chioro-7-cyclopentyl-7H-pyrrolo[2,3-d]pyriinidin-5-yi)-3- 
methoxyphenyOcarbamate. The compound was prepared lirora tert-butyl N-[3- 
methoxy-4-{4A5,5-tetramethyl-I,3,2-diOxaborolan~2-yi)phenyl]carbamate and 

30 4-chloro-7-cyc}opentyl-5-iodo-7H-pycroio[2,3-dilpyrimidiiie in the manner 

described for compound (4): =H NMR {DMSO-d,, 400MHz) 6 9.41 (s. 1H)< 8.59 
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(s, IH), 7.72 (s, IH), 7,33 (s, IH), 7.15 (d, IH), 7.04 (d, IH), 5.17 (m, IH), 3.66 
(s. 3H), 1.6-2.2 {m, 3H), L49 (s, 9H); RP-HPLC (Hypersil HyPimty Elite C18, 5 
HitU 200A, 250 X 4.6 mm; aS-lOOVo acetonitrile-O.i M ammomtim acetate over 
25 rain, Iml/min ) t,-2L22 min; MS: MIT 443. 

5 

e) bemylN44-(4~ammo-7-cyclopentyt-7H-pym)lo[23-d3pyrimidin-5-^ 

metlioxyphenyijcarbamate. The compound was prepared from tert-butyi N-[4- 
(4-(chioro-7-c.yclopent>'l-7H-pyrrolo{23-dipyrimidin-5~yl)-3-methoxyph^ 
carbamate in the luaiiiier described tor conversion of compound (4) into 
10 compound (6): =H NMR (DMSO-dj, 400MHz) 6 9.S7 (s, iH), 8.08 (s. IH). 7.34- 
7.45 (m, 6H), 7.09-7,18 (m, 3H), 5,79 (bs, 2H), 5.18 <s, 2H), 5.04 (m, IH), 3.7 
(s, 3H), 1.6-2.2 (m, 8H); RP-HPLC (Hypersil HyPurity EUte CIS, 5 |im, 200A, 
250 X 4.6 mm; 25-100% acetoaitrile-O.l M ammonmm acetate oyer 25 min, 
Iml/min ) t,«16.S7 min; MS: MH* 458. 

15 

Example 25 ; Benzyl N-[4-(4-amino-7-cyolopeatyi-7H-pyrmlo[23-d]pyrimidHi-5- 

yi)-2- fluoropheny I ] carb am at e 

a) 4-if[7-cyclopentyl-5-(4,4,5,5-tctramethyl-I,3,2-dioxaborolan-2-y1)-7H' 
20 pyrrolo[23-d]p>Tinvidm-4-yI3amwoK2,4-dimethoxyplienyI)methy!lp 

resin. Rink amide resia [4-(2',4'-dimethoxyphenyl~Fmoc-ainiKomethyi)- 
phenoxy xssin with a badittg of 0.66 imnd/gj {6.55g, 4.32 mmol) was 
deprotected by washing withN^N-dimethylformamide (2x2 min), 20% 
piperidine in N,N-dimethyifoiinamide (1 x 5min, 1x15 min), N,N- 
25 dimethylformamide (5x2 min), dichloromethane (3 x 2 min), aad then methanol 
(3x2 mm). The resin was dried at a temperature of 40X under reduced 
pressure. The deprotected resin, 4-chloro-7-cyciopentyl~54odo-7H-pyrrolo[23- 
dlpjTimidine (1.80 g, 5,19 mmol), dinjetiiyisiiifoxide (100 ml), andN,N- 
diisopropylethylamine (4.5 ml) were heated at 1 OO^C for 3 days, cooled to 
30 ambient temperattire and then the resia was collected by filtration and washed 
with N.N-dimethylfonnamide, The resin was then stirred for 30 rain with acetic 
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acid (O.Og, 2.16 mmol), 0-beazothiazol-l-yi-N,N,N\N'-tetrainethyliiromuin 
tetrafiuoroboratc (Q.69g, 2,16 mmoi), N,N-diisopropylethylamjne (0.56g, 
4.32mmoi) and N,N-dimethyIfoinianiide (30 ml). The resin was collected by 
fi!fcration and washed with NjN-dimethylfonnaaiide, dichioromethane aad 
5 methanol. The resin was dried to a constant weight (6.25 g) under reduced 
pressure. The resin, diboron pinacol ester (1.11 g> 4.37 mmol), potassium 
acetate (0,S22g, 8.39 mmoi) and retrakis (tnphenylphosphine)pailadium (0.24 g, 
0.21 mmol) in dimethylsuifoxide (125 ml) was heated at 85''C under an 
atmosphere of nitrogen for 17 hours. The resin was collected by filtration then 

10 washed with N,N-dimeUiylfonnamide, dichioromethane, ethyl acetate then ether. 
The resin was dried under reduced pressure to a weight of 5.49 grams, 
b) Benscyl N-[4-(4-amiiK)-7-cyc!opent>'l-7H-pyrrolo[23-d]pyrimidin-5-yI)-2- 
iluoropbenyijcarbamate. A mixture of 4-[{[7-c>'clopcntyi-5-(4,4,5,5- 
tet^^aaethyl-l,3>diox^rolan-2-yl)-7?^pyrrolo[2,3-d]pyI1midin-^^ 

1 5 yljamino) (2,4-dimethoxyphenyl)methyl]phenoxy resin (0.5g, 0,254 mmol), 4- 
bromo-2-fluoroaniline {0,4S4g, 2,54 nnnol), tetralds(ti-iphenylphosphine) 
pailadiwn (0.044g, 0.038 mmol), 2 M atpieiius potassiinn phosphate (1 .27 ml, 
2.54 mmol) and dimethylsulfoxide (1 0 ml) was heated at 85"C for 18 hours. Tiie 
mixture was cooled and the resin collected by fUtration tlien washed with N,N- 

20 dimethyl formamide and diclilorometfaane, Tlie rssin was then subjected to the 
couplmg conditions described abox'e a second time. The resin was suspended in 
dichioromethane (2 ml) and pyridine (2 ml) theii the mkture was cooled to CC 
and treated with benzyl chloioformate (0.44 g, 2.6 mmol). After stirring at CC 
for one hoar the mixture was allowed to warm to ambient temperature for 1 8 

25 hours. The resin was collected by filtration then treated with 5% trifluoroacetic 
acid in dichloromefiiane (10 ml) for 30 minutes. Removal of the resin by 
filtration yielded a filtrate wMch was evaporated tmder reduced pressure to yield 
a residue which was purified by preparative C-IS RP-HPLC to give bmzyl N-[4- 
(4-amino-7-cyclopent>'l--7H-pyrroioi23~d]pyrimidii3~5~yl)--2- 

30 fluorophe5iyi]carbamate (-10 mg): RP-IiPLC (Hypersii HS C18, 5 jim, lOOA, 
250 X 4,6 mm; 25-100% acetonitrile-OT M ammonium acetate over lOmin, 
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tml/min ) t,=l 1.47 min; MS; MIT 446. 

Example 27: Benzyl N-[4-(4-ammo-7-cydopmtyi-7H-p>m>Io[23-%yrimj^ 
yl)-2-{trifliioromethy!)phenyI|carbamate 

5 This compound was prepared in the same manner as described for Exampie 

25: RI*-m'LC (Hypersil HS CI 8, 5 \xm, lOQK 250 x 4.6 mm; 25-100% acetonitrile- 
0,1 M aRimonium acetate over lOmm, Iml/min ) t,«=I2.07 min; MS: MH" 496, 

Example 28 : Benzyl N-f4-(4-amino-7-^;yciopentyl-7H-p^Tmio[2^-d]pyrimidin--5- 
10 y1)-2-cyanophenyl3carbamate 

This compound was prepared in tise same manner as described for Example 
25: RP-I-IPLC {Hypersil HS CIS, 5 |im, lOOA, 250 x 4.6 mm; 25-100% acetonitrile- 
0, 1 M amnioniuni acetate over lOmin, Iml/min ) t^=i 0.93 min; MS: MH* 453. 

15 Example 29: Methyl 5-(4-amino-7-cyclopentj'I-7H-pyTrolo[2,3-djpyrimidin-5-yl)- 
2- 1 [(benzyloxy)cari3ony13amino) benzoate 

This compoa«d was prepared in the same manner as described for Example 
25: RP-HPLC {Hypersil HS CIS, 5 \im, lOOA, 250 x 4.6 mm; 25-100% acetonitrile- 
0.1 M ammonium acetate over ICtoin, Irol/min ) tf=l 3.2S min; MS: MH* 486. 

20 

Example 30: Benzyl N-[4-(4-amino-7-cyciopentyl-7H-pyrroio[2,3-djpyrimtdin-5- 

yl)-2-methyIphenyI]carbamate 

This compound was prepared in the same manner as described for Example 
25: RP-HPLC (Hypersil HS CIS, 5 \im, lOOA, 250 x 4.6 nmi; 25-100% acetomtriie- 
25 O.i M ammoninm acetate over lOmin, ImL'min ) t^=n.25 min; MS: MH" 442. 



wo 00/1 7262 



PCT/US99/21536 



402- 

Example 3 1 : Beozyl N-[4~(4-amino-7-cyclopentyl-7H-pyrrolo{2,3-dip>Timidm^ 
yi)pixenyl]cart)amate 

This compound was prepared in tht same mamier as described for Example 
25: RP-BPLC (HypersU HS CIS, 5 W<iA, 250 x 4.6 irnn; 25-1 00% acetonitrile- 
5 0,1 M ainmoniain acetate over lOmin, Iml/mia ) t,=lL27 mxa; MS: MIF 428. 

Example 32 : Amino-7-cyciopentyi-7H-pyimlof 23-<i3pyrimi<iiJ5-5-yl)-2- 

mefeox}'pbenyl]ptenyhBethaiiesulfo!miide 

. 5.(4-Amj«o-3-methox>pheny1)~7-cyclopentyI-7H-pyrrolo[2,3-d]p>Timid^^^^^ 

10 amine (27 mg, 0.083 mmol) was dissolved in dichlorometliane (0.8 mL). P:M<iifle 
{0.8 mL) was added followed by pheaylmethanesuifonyl cMoride (19 mg, 0.105 
mmoi). After stirring overuight, another 19 mg of phenylmethanesulibnyl chloride 
was added and the reaction mixture was stitred overnight. The solvent was removed 
md the residue was pnriHed by preparative thin layer chromatogram elated with 

1 5 dichlormetbaBe/Methanol (95:5) to give N-[4-(4-amino-7-cyciopentyl-7H- 

pyiTob[23-d]p>Timidni-5-yi)-2-methoxypheiiyllphenyimethanesulfonamide(9mg, 
0.0188 mmol). IH NMR (DMSad,) 5 1.89 (m, 6H), 2.28 (m, 2H), 3.S5 (s, 3H), 
4.38 (s, 2H), 5.23 (m, 3H), 6.08 (bs, IH), 6.99 (m, 2H), 7.27, (m, 2H), 7.33 (m, 3H), 
7.58 (d, J=8.I7 Hz, IH), 8.34 (s, IH). LC/MS K«r«47S 

20 

Example 33: Nl-[4-(4-Amino-7-cyclopenty!.7H-pyrroio[2,3-d3pyrimidin-5-yl)-2- 

methoxyphetiYll-2-phenylacetamide 

5K4-Amino-3-methoxypheny1)-7-cydopentyl-7H-pyttolo[2,3-d]p>Timidin-4- 

amine (28mg, 0,086 mmol) was dissolved in dJchloromethane (1 mL). PyTidiae (I 
25 mL) was added followed by 2-pheay!ethanoyi cMoride (14 uL, 0. 105 im»ol). After 
stirring overnight, another 14 uL of phenylmethanesulfonyl cMoride was added and 
the reaction mixture was stirred overnight The solvent was removed and the residue 

was purified by preparative thin layer chromatogram eiuted with 
dichloimethaiie/metbanot (95:5) to give Ni'i4-(4.amino.7-cyclopeiity}-7H- 
30 p>'rroio[23-d]pyrimidin-5-yl)-2-methoxyphenyl]-2-plienylacetamide (7 mg, 0.0158 
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mmoi). IHNMR (DUSO-d^ 6 l.S9(m, 6H), 2.25 (m, 2H), 3.77(s, 3H), 3.79 Cs,2H), 
5.21 (m, IH), 5.56 (bs, 2HX 6.89 (s. IH), 6.99 {s, IH), 7.05(d, J=8.22, 1 H), 7.36 (m, 
5H), 7.81(s, IE), S.27 (s, IH), 8.43 (d, J-8.23 Hz, IH). LCMS MH^-442. 

5 Example 34: Nl-[4-(4-Ammo-7<yclopentyl-7H-pyrrolo[2,3-d]pyikudi^^ 
methoxypb.enyl]-2-(2-thienyl)acetaimde 

5-{4.Amino-3-methoxyphenyl)-7-cyclopentyi-7H-p5atoio[23^^^ 
amine (31mg, 0.096 mmol) was dissolved in dichloromethane {1 mL). Pyridine (1 
mL) was added followed by 2-(2-thienyl)ethanoyi chloride (14 uL, 0.113 mmol). 

10 After stimag overnight, another 14 uL of 2-(2-thienyl)ethanoyl chloride was added 
and the reaction mixture was sdrre4 ovemigbt. The solvent was removed aid the 
residue was purified by preparative Mix layer chromatography eluting with 
dichJormethane/- methanol (95:5) to giveN1-[4-(4~amino-7-cyclopentyl-7H- 
pym)io[23-dlpyrimidi«-5-yi)-2-nie&oxyphmyl]-2H24hienyD^^^ 

15 O.031 nunoi). IH KMR (DMSOA) 6 ^ -89 (m, 6H), 2,25 (m, 2H), 3.82(s, 3H), 3,99 
(s, 2H), 5.19 (bs, 2H), 5.21 (m, IH), 6.93 (s, IH), 6-94 (s, IH), 7.06(m, 3H), 7.31 (m, 
IH), 8.02(., iH), 8.32 is, IH). 8.42 (d, J«8.22 Hz, IH), LC/MS MH*=448, 

Exampks 35-108 (General Method) 
20 The Examples listed in Table J were prepared by reacting a phenol with a 

jauorobenzene listed in Table I as shown in the scheme below. 




R, is isopropyl R,oois as shown above. 



5-(4-Hydroxypheftyi)-7-isopK)pylpyrTOlo[23-4]pyriimdm-4-^^ 
(1 molar equivalent) as a stock solution in N,N~dimetfayIfannam}de (6 g m 240 ml) 
was added to a mixture of liie fluorobeiize»e (1.25 molar equivalents) and potassiuiu 
carbonate {2 molar equivalents) in a septum sealed tube via a Gilson 21 5 liquid auto 
5 sampler. The reactions were heated, with shaking, at 120'C for 4 hours and 140*C 
for a fijrther I hour and then evaporated to dryness in a centrifugal evaporator. 

The reaction residues were dissolved in ethyl acetate/triethylamine (1 ml) 
(9: 1) and eluted through a silica pad (3 g Si02: 12 mm ^ameter x 20 mm height) 
with 9:1 ethyl acetate/triethylamine (4x2 ml). The combined column eiuents were 
10 evaporated to yield the products as waxy solids, smears or expanded foanas. 
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Tabie I 



Ex No, 


Fluorobenzeae Employed 


35 


4-Suoro-3-(triSuoromethyl)benzaldehy<ie 


36 


3-chloro-4-fluoroacetoplKaion.e 


37 


3~chloro-4-fluorob8nz^dehyde 


38 


4-{{uoioacstophenone 


39 


4«fiiiorobenzaIdehyde 


40 


2-fluoro-5-(trifluoromethy1)propiop}ieaone 


41 


2-fluoro-3-(triflaoroinethyl)acetophenon8 


42 


3-cyano-4-dHnethyla3iiino-2-fluorobenz;aldehyde 


43 


2-fluoro-3-(trifluoiomethyl)benzaIdehyde 


44 


2-fluoro-4-methoxyace*opbeno!ie 


45 


4-ciiloro-2-fitiorobenzaMeliyde 


46 


2,5-diflTK)roacetophenone 


47 


2-fluoro-5-rasthoxybenzaidehyde 


48 


2-fluoro-4-meaioxybenzaMehyde 


49 


2-fluoit)propiophenone 


50 


2,3-difiuorobenzaldehyde 


51 


2~fluoroacetopbenoiie 


52 


2-flao«)benzaidehyde 


53 


441i«)K)-3-(trifluotomethyl)propiophenoiie 


54 


(4.fluoropbeiiyl).{2-thienyl)ketoiie 


55 


4-fliiom-2<trifliioromethyl)ac8tophenone 
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Ex No. 


Fiuorobenzene Employed 


56 


4-OuoroO-(trifiuoromethyi)ben2ai<k;h.ycie 


57 


4'-fli.!oro-i '-acetoimphthone 


58 


4-fluoro-2-mefhoxyben^a}dehyde 


59 


2-fluon3-4-(trifluoroinethyl)propiophenone 


60 


2-iiuoro-4-(trifiuommethyi)acetophenone 


61 


2-fiuoro-5-<frifluoromethyi)acetoph8none 


62 


4-chloro-2-f!uoro-5-methy}acetophenoBe 


63 


2-tluoro-5-nitmfaea2alddiyde 


64 


4-(4-fluorobenzoy])- 1 -methyl pjiroLe-Z-aldehyde 


65 


4'-f3uom-2-(methyIsulpfeoiiyl)acetophentme 


66 


5~f5iioro- 1 -jndaaone 


67 


2»aniino-5-chiotQ-2'~iluc«x)beazoph«(ione 


68 


2'-fiuoro-5'-mtrooacetophenone 


69 


4-fluoro-3-{trifluoromethyi)bejizomtriie 


70 


3-chioro-4-£luoroben2X}mtrile 


71 


2-chloro-4-fluorobenzomtrile 


72 


3,4-difluojrobeiizomtriie 


73 


4-fluoroben2omtrile 


74 


2-fIuoro-6K4-methylpheaylthio)bati2;omtrile 


75 


2-fiuoro-6-(2-pyridyIthao)beiizomtriie 


76 


2-fluoro-6-(metboxycarbonyimethy1tMo)ben2omtrile 


77 


2'fluoro-3-(trifIuoromsthyJ)b«iizonibile 
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Ex Nq- 


Fluorobenzene Bmpioyed 


78 


2-fIuoro-5-(trifiu.oromediy])benzoiiitriie 


79 


2-fluoro-6-( 1 -pynx5lo)beii20iutrile 


80 


2-fiuoro-5*iiitix)beiizotiitrile 




2->.f}uorobci!zonitnls 


82 


5-J5uoio-2-iutrob602aldehvde 


83 


■^t-fluoio-S-nitrophsfivl iflethvi sulfbns 


84 


4~fItion>-3 -nitrobsnzotrifluoride 


85 




86 


4'-fluoro-2' -Hicthyldcctophcsons 


87 


3~phesiy1-7-fluoroiiidan- 1 -one 


88 


2-fIuoFO-6'-{tri£Iuoron2^iyl)acstx)phcnos.€ 


89 


1 -fiuoro-9-fluoreiione 


90 


6~fluoroveratnildiehyde 


91 


2-fluoro-5-niethylacetophsnone 


92 


2-fltioro-6-{2-oxo-azepm~3-yIainino)beri2onitriIc 


93 


2-fluoro-6-(4-carbanjoyIpiperidiii- 1 -yl)b©D2onitrile 


94 


2-fluoro-6-[3-(iiiijd^o1- 1 *yl)propyiaiiiino]b(3i!ioiutriie 




2-fliroro-6-[2-(4-pyndyl)sthyIaiiiino]beiizoBitiil6 


96 


2-fiuoro-6-(2-tMeny]m€tiiyiammo)ben20iiitriIe 


97 


2-fluoro-6-{4-cyanopiperidin- 1 -y1)benzomtrile 


9S 


2-fiuoro-6-(3-py-ridyimethylammo)benzomtrile 


99 


2-fl«oro-6-<4-methy3phenoxy)benzonitriIe 
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Ex No. 


Fluorobenzene Employed 


100 


2-f1uoio-6-thiamorphoImobeti2onitriie 


101 


2-fliK)ro-6-K3-4imethylamino)propylammo3benzomtrile 


102 


2-fluoTO-6-(2,2,2-trifluoroethoxy)benzoratrile 


103 


2-fluoro-643-metfaox>'propylamm,o)beiizonitriie 


104 


Z'^imelfeylamiiio-fi-fliiorobeniTOTiita le 


105 


2-fluom-5-methoxybenzonitdle 


106 


2,5-difIuombenzointrile 


107 


2-fluoro-5-mtn>beii3r.otrifltioride 


108 


3"<hioro-4-fiuo»-5-nitrobeii2K)trifiuoride 



The pjraducts obtained are shown in Table J. R,m is as previo«sly stated. 

The conditions used in LCMS are given later. HPLC RT (mins) is the HPLC 
retention time in Jtmmites. 

R© 

} \ 




5 



Table J 



EX 


PRODUCT 




Ra 


Rb 


Rc 


Rd 


Re 


HPLCRT 
(mins) 


35 


CF, 


H 


CHO 


H 


H 


4.45 
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EX 


PRODUCT 


Ra 


Rb 


Rc 


Rd 


Re 


HPLC RT 
(mms) 


36 


CI 


H 


COCH3 


H 


H 


4.44 


37 


Ci 


H 


CHO 


H 


H 


4.4 


38 


H 


H 


COCH, 


H 


H 


4.13 


39 


H 


H 


CHO 


H 


H 


4.1 


40 


COC^Hj 


H 


CF, 


H 


H 


4.91 


41 


COCH3 


H 


H 


H 


CF, 


4,35 


42 


CHO 


H 


H 


N(CH5)j 


CN 


3.88 


43 


CHO 


H 


H 


H 


CF, 


4.39 


44 


COCHj 


H 


H 


OCHj 


H 


4J6 


45 


CHO 


H 


H 


Ci 


H 


4.57 


46 


COCH3 


H 


F 


H 


H 


4,29 


47 


CHO 


H 


OCR, 


H 


H 


4.27 


48 


CHO 


H 


H 


OCH, 


H 


4.12 


49 


coca,,. 


H 


H 


H 


H 


4.46 


50 


CHO t H 


H 


H 


F 


4.12 


51 \ COCfl, 11 


H 


H 


H 


4.14 


52 


CHO H 


H 


H 


H 


4.15 


53 


CF, H 


COCjHj 


H 


H 


5.61 


54 


H 


H 


2-TlCO 1 


H 


H 


5,37 


55 


H 


CF, 


COCH, 


H 


H 


5,17 


56 


H 


CF, 


CHO 


H 


H 


5.40 
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EX 1 


PRODUCT 












Ra 


Rb 


Rc 


Rd 


Re 


HPT r RT 

ill l.'V-. jvi 

(mitts) 


„^ 


H 


H 


COCH3 


-CH-CH-CH-CH- 
2 


5.42 


58 


H 


OCHj 


CHO 


11 


H 


4.64 


59 


COC,H, 


H 


H 


CF3 


H 


5.63 


60 


COCH3 


H 


H 


CFj 


11 


5.28 


61 


COCH, 


H 


CF3 


H 


H 


5.3S 


62 


COClij 


H 


CH3 


CI 


H 


5.57 


63 


CHO 


H 


NOj 


H 


H 


4.74 


64 


H 


H 


P. 


H 


H 


4.17 


65 


H 


H 


COCHjSO 


H 


H 


3.73 


66 


H 


-CHj-CHj-CO- 


H 


H 


4.00 


67 


C0A4 


H 


H 


H 


H 


4.80 


68 


COCH. 


H 


NO, 


H 


H 


4.25 


69 




H 


CN 


H 


H 


4.51 


i 70 


Ci 


H 


CM 


H 


H 


4.74 


— 

i 


1 H 


a 


CN 


\ H 


11 


4.52 


72 


i F 


H 


CN 


H 


H 


4 22 


73 


H 


H 


CN 


H 


IH 


4.21 


! 


CN 


; 4-rnethyi 
1 phenylthio 


H 


H 


H 


5.25 
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EX 


PRODUCT 




Ra 


lib 


Rc 


Rd 


Re 


IIPLC RT 
(mins) 


75 


CN 


2-pvriciylthio 


H 


11 


H 


4.29 


76 


CN 


Methoxycarbo 
nybnethylthio 


H 


H 


H 


4.85 


77 


CN 


H 


H 


H 


CF3 


4.31 


78 


CN 


H 


CF3 


H 


H 


4-51 


79 


CN 


Pynol-l-yl 


H 


H 


H 


4.47 


80 


CN 


H 


NO, 


H 


H 


4J4 


81 


CN 


H 


H 


H 


H 


4.09 


82 


H 


CHO 


NO, 


H 


H 


4.22 


83 


NO, 


H 


SO3CH3 


H 


H 


3.7S 


84 


NO, 


H 


CFj 


H 


H 


4,60 


85 


H 


CI 


COCH3 


H 


H 


4.39 


86 


H 


CHj 


coce, 


H 


H 


4.96 


87 


3-pheBylindan-I -one-7-yl 


H 


H 


H 


5,57 


88 


COCH3 


CFj 


H 


H 


H 


5.23 


89 


Fluorcn-9-one-l -yl 


H 


H 


H 


5.23 


90 


CHO 


H 


OCH, 


OCH3 


H 


4.20 


91 


COCHj 


H 


CH3 


H 


H 


5.02 


92 


CN 


2-oxoazepm-3~ 
ylamino 


H 


H 


H 


4,47 


93 


CN 


4-carbarooyi 


|h 


H 


H 


3.81 
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EX 


PRODUCT 


Ra 


Rfa 


Rc 


Rd 


Re 


HPLCRT 
(iiuiis} 






piperidin-l-yl 










94 


CN 


3-(iimda2ol~l- 

y1)propylaiiHno 


H 


H 


H 


3 ^6 


95 


CN 


2-(4-pyridyl) 
ethylamioo 


H 


H 


H 


4.36 


96 


CN 


2-thienyi 
meUiylaajino 


H 


H 


H 


5,32 


97 


GSi 


4-cyaiio 
piperidin-l-yl 


H 


H 


H 


4.89 


98 


CN 


3-pyridyl 
methylaiaino 


H 


H 






99 


CN 


4- 

methylpheiioxy 


H 


H 


H 


4.89 


100 


CN 


Thiamoiphoiin 
o 


H. 


H 


H 


5.32 


101 


CN ■ 


3-(dimethyl 

amino)propyi 

amino 


H 


H 


H 




102 


CN 


OCHXF, 


H 


H 


H 


5.01 


103 


CN 


3-inedioxy 
propylamino 


H 


H 


H 


4.92 


104 


CN 




H 


H 


H 


4.91 


105 


CN 


H 


OCH3 


H 


H 


4.75 
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EX 


PRODUCT 


Ra 


Rb 


Rc 


Rd 


Re 


HPLC RT 
{num) 


106 


CN 


H 


F 


H 


H 


4.74 


107 


CF, 


H 


NO, 


H 


H 


5.51 


lOS 


NO, 


H 


CF, 


H 


CI 


5.56 



RT ^ Retention time in minutes. 1 = 2-ThenoyI 

2. = Fused ring to give naphtiiyl group 

3. P = 2-formyH -methylpytroM-ylcarixinyl 
5 4. A - 2-ammo-5-chlorophenyl 

The compounds prepared in Exanjples 35-108 are ^ follows. 

Example 35 

iO 444-(4-Aii\mo-74sopropyl-7H~pyTrolo[2,3-d]pyrimidin-5-yl)phenoxy]-3- 
triiliioromethyl-bertzaldehyds. 

Example 36 

4-[4<4-Amino-7-isopiwpyl-7Hi3yrrolo[2,3-d]pyrimidiii-5-yi)phenoxy3--3- 
15 chloroacetophenone. 

Example 37 

444-(4-amino-7-isopropyl-7H-pyrmlo[23-<i]pynTOidin-5-yI)phenoxy3-3- 
chloro-benzaidshyde. 

20 
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Exainpie 38 

444<4-amino.7-i3opropyl-7H-pym>io[23-d]i>yriimdin-5^ 
yi;^henoxy3acetophaioiie. 

Example 39 

4.[4.(4.ammo-7-isopropyl-7H-pyn'olo[23-%yri»i5adm- 
yl)phenaxy]benzaldehyde. 



Example 40 

2'44.(4-amino.7-isopropyl-7H-pjaTolo[23-dlpyrimidi!i-5-yl)ph^ 
10 trifluoromethyi-propiophenone. 



Example 41 

2'-E4-C4-^ino-7-isopropyl-7H-pyiTolo[2,3-dlpyrimidin-5.yl)phe^^^ 
trifiuoromethyl-acetophienone. 



Example 42 

244-(4-amino-74sopropyl-7H-p>'n-olo[23-dlpyrimidin-5-yl)phenoxy]-3- 



fonnyl-6-dimethyl-arainobetizonitrile. 



Example 43 

2-[4.{4-aminO'7-isopropyl-7H~pyiioioii23-d]pFi«ii^ia-5-y^)piienoxy]-3- 
trifluorometiiyl-benzaldehyde. 



Example 44 

2'4444-amino-74sopropyi-7H-pyiTolo[23-dlpyrimidm-5-yl)phenoxy]-4'^ 
mefiioxy-acetophenone. 

Example 45 

2-[4<4-amino-7-isopropyl.7H-pyrrolo[2,3-djpyrimidm-5-yl)^^^ 
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chioro-benzaldehyde. 

Example 46 

2'4444-aittiRO-74sopropyl-7H-pyrrolo[23-%>^njidin-5-^^^ 
fiuoro-acetopheaone, 

5 

Example 47 

2^[4-(4-mimo-7-isopropyl-7H-p>Trolo[23-d]pyriiraain-5-yi)phenoxy]-5 
methoxy-acetophaione. 

10 Example 48 

244-(4-ammo-74sopropyl-7H-pyiTOlo[23-d]pyrimidi£i-5-yl)ph^^ 

methoxy-benzalddhyde. 
Example 49 

15 2'-[4'<4-anamo-7-isopropyi-7H-t>ynoio[23-d]p>'rimidi^^ 
yl)pherioxy]prop]Oph«ttone. 

Exanjple 50 

2-[4-(4-anaiio-74sopropyi-7H-pyrj»io[23-d]pyrii»i<iin-5-^^ 
20 flttoro-besjzaidehyde. 

Example 51 

2'.[4-<4-amino-74sopropyi-7H-pVTroio|23-dipyrimidin-5- 
yl)phenoxy]^etophenone. 

25 

Example 52 

2-[4-(4-Mmno-74sopropyI-7H-pyTTolo{23-dlpyTm5idm-^ 
yl)phenoxy]benzaSdehyde. 
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Example 53 

4'-[4.(4-amino-74sopropyl-7H-pym)lot23-d3pyiiimdm^ 
trifluoTomethyl-propioph«ione, 

5 

Example 54 

4-[4-(4.arnino-7-isopropyl-7H-pyn'o1ol23-d]pyrimidi^^ 
a-thienyl-ketone. 

10 Example 55 

4'44.(4.amino-74sopKjpy!-7H-pycroiol23-%yrimidm^ 

trifluorom^yi-acetophenone. 
Example 56 

IS 4-|4K4-ainmo-7-isopropyl-7H-pyiTolo[23-d]pyriroidm-5-yl)phen^^^^ 
trifiuoromethyl-beuzaidehyde. 

Example 57 

4'.{^4.(4.ammo-7-isopropyl-7H-pyirob[2,3Hi]pyrimidin-5-yl)pheno^^ 
20 aceto-napMione- 

BxaiDpie 58 

4-[4-<4-aniiao-74sopropyI-7H-pyrrolo(2,3-d3p>TiKudin-5-yl^heuoxy]-2- 
methoxybenzaldehj^e. 

25 Example 59 

2-[4-(4-ammo-74sopropyl-7H~pyn'o!o[2p-d]pyrimidia-5-yl)pto 

triSaorometiiyl-propiopiieaone. 



Example 60 
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244K4-amino-74sopiopyI-7H-pyn:oio[2,3-d|p>Timidm-5-y0^ 
trifiiioromethyJ- acetophenone. 

Exampie 61 

5 2-|4^4-aniino-7-isopropyi-7H-pyTrolol23-<ilpyrimidm-5-yi)^^ 
trifluorome&yi- acetophenone. 

Example 62 

2-[4-(4-ammo-7-isopropy1-7H-pyrrolo[23-d3pynmidin-5-yi)ph^ 
iO cMoro-S-methyiacetophenone. 

Example 63 

2-[4-(4-amiao-7-isopix>py!-7H-pyEroio[2,3-d]pyri)i3idm-5-^^^^^ 
nitrobenzaldehyde. 

15 

Example 64 

4,[4.(4.amino~7~isopropyI-7H-p>'rrolo[2,3-d]pyriiiiiditt-5- 
yl)pheiK)xy]bcii2oyM-methylpyTroie-2-aldehyde, 

20 Example 65 ■ 

4^|4.(4-ammo-7-isopropyl~7H-pyrrolo[23-d|p>™diB-S-yl)phenoxy]2- 

(methy!salpiionyI)acetophenone. 

Example 66 

25 5-[4-(4-amino-74sopropyI-7H-pyrroio[2,3-d]pyTimidin-5-yl)phm^^ 
mdanone. 



Example 67 
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2-3ariao-2'44.(4-ammo-7-isopropyi-7H~pwolo[23-d]pyTm^^^ 
yI)ph«noxy]-5-cb3orobeia:ophenone. 

Example 68 

5 2'-[4-(4-ammo-74sopropyi-7H-pyn'olo[23-d3pyrimidin-5-yI^^ 
nitro-acetophenone. 

Example 69 

4-[4-(4-amino-74sopropyl-7lI-pyrrolo[23-d]pyrimidin-5-yi)p^^^^ 
10 ttifiuoromethyi-bsnzonitrile. 

4-[4-(4-ammo-7-isopropyl-7H-pym)lo[23-d3pyrimi<Mn-5-yl)phe^^ 




Exan^le 71 

4-14-(4~amiiK>-74s<^ropyi-7H-pyn-olo[23*d3pyrim}din-5-yi)pbenoxy]-2^ 
chloro-benzonitrile. 

20 Example 72 

444K4-a3rano-74sopropyl-7H-pyrroio[2,3-d]pynmidi^^ 

fiuoro-benzomtrile 
Example 73 

25 4-|4-(4-ammo-7-isopropyI-7H-pym>lo[2,3-d]pyrinudin-5- 
yi)pbenoxy]be33zomtrile. 

Example 74 

244-(4-ammo-74sopiopyi-7H-p3aTolo[2,3-d]p>Timidin-5-y0 
methylphenylthio)benzomtrile. 
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2-[4-(4~amino-74sopropyl-7H~pym>lo[2>d]p>Tmiidin-5-yl)^^^ 
pyridyithio) benzonitrile. 

5 

Example 76 

Methyl {344~{4-amiao-7-jsopropyl-7HrpyiToIo[2,3-d]pyfiniiam-5- 
yl)ph«ioxy]2-^yanopheiiylthio}acetate. 



10 ExajTiple 77 

244-<4-aOTmo-7-isopi»pyl-7H~pym)}o[2,3~djpyr«mdin-5-yl)^^^^ 

trifluorometiiyl-beHZomtriie 



Example 7S 

15 244-(4-mmno-7-isoprapy^7H-pymilo[2,3-d3pyriniidin-5-yl)phenoxy]-5- 
tri fluoromethyl-benEoaitriie, 

Example 79 

244-{4-ammO'7-isopropyl-7H-pyrrofo[2,3-djpyrimidin-5-yl)phenoxy]6- 
(pyrrol-i-yi) bsnzonitrile. 

20 

Example 80 

2-[4-<4-ammo-7-isopix}pyl-7H-pyrrolo[23-d]pyrimidia-5-yl)phe^^^ 
nitrobeazonitrile. 

Example 8 i 

25 244-(4-amino-7-isopropyl-7H-pyiT(>lo[2,3-d.lpyrimidm-5- 
yOphenoxyjbenzomtrilc. 



Example 82 
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5-[4-(4-ammo-7-isopropyl~7H~pyn'olo[2,3-d]p>Timidin-5-yl)ph^ 
niirobenzaldehjde. 

Example S3 

5 444-(4-ai»ino-74sopmpyl-7H-pyn'olo[23-d3pyrimidin-5-yl)phenoxyl-3~ 
tiitropbenyl methyl sulphone. 

Exaniple 84 

l-|4-(4-ammo-?-isopiOpyl~7H~p>TTolo[2,3-d3pyrimidin-5-yi)phenoxy|-2- 
10 mtro-4-trifiuoromethylbenzene. 

Example 85 

4'-[4-(4-ammo-7-isopi«pyl-7Hi>ym)io[23-d3pyTimidm'5'yi)phenoxy] 
chloroacetophenone, 

15 

Example S6 

4'-[4-(4-fimino»7-isopropyi-7H-pyrrolo[2,3-d3pyrimidin-5-yI)pheaoxy]-^ 
methylacctophenone. 

20 Example 87 

7-{4-(4-ammo-74sopmpyl-7H~pyrrolo[23-djpyriraidin-5 -yi)phen^ 
phenylintkn- 1 -one. 

Example 88 

25 2-[4-{4-?jnnHi-7-isopropy3-7H-pyrrolo[2,3-d3pyrimidin-5-yl)phenox 
trifiuorometliyl-acetophenoiie. 



Example 89 
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1- [4.(4.ammo-74sopropyl-7H-pyrro}o[23-a]pyriniidin-5-yi^^^^ 
fluoresione. 

Example 90 

5 6-[4<4-arainO"?-isopropyl-7H-pyrroio[23-d]p>'iinudin-5-^^^^ 
dimethoxy-benzaJdshyde. 

Example 91 

244H4-aniino-74sopropYl-7H-pyTmlo[2J-dJpyrimidm-5-y3)phenoxyJ-5- 
10 methyl acetophenone. 

Example 92 

244-(4-amfeo-74sopropyl-7H-pyn-olo[23<ijpyrimidra-5-yi)pheaoxy]-^ 
oxoaze!pin-3-ylammo)bsnzonitriie, 

15 Example 93 

2- [4-{4~amino-7-isopropyV7H-pym>lo[23-d]pyrimidjTi-5-yO^^ 

carbantoylpiperidin- 1 -yi)ben2;omtrile. 
Example 94 

244-(4-mmno-7-isopropy1-7H-p>'rro.lo[2,3-d]p>Timidiii-5-yi)phenoxyl-6-(3- 
20 imida;Kol~l -yl)propylanjmo]benzonitriie. 

Exaniple 95 

2-[4<4-amiiio-7-isopropyl-7H-p>Trolo[2,3-d3pyrii«idia-5-y0pbenoxyl-6-[2- 
(4-pyridy3)etliyianimo3benzonitrile. 

25 

Example 96 

244~(4-amino-7-isopropyl-7H-pyrrolo|2,3-d]pyrimidiii-5~yl)phenoxy3-6-(2- 
ihimyi-methylamino)ben2orabile. 
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Example 9? 

2-[4-{4-amino-7-isopropyl~7H-p>Tro1o[23-d]pyriraidin-5-yi)phenoxy]-6 
cyanopiperidin- 1 -yl)benzomtiiie. 



Example 98 

2-[4K4-ammo-7-isoptopyl-7H-p>™io[2,3-d]pyrimidin-5-yl)phenoxy3 
pyridyI-methyIanuno)benzonitriie 

Example 99 

2-[4-(4-amino-7-isopropyl~7H-p>'m)lo[23-djpyrimldin-5-yl)ph^^ 



methyl-pbe»oxy)benzomtriie. 



15 Example 100 

244<4-amino-7-isopropyl-7H-p>'TTo1o[2,3-djpyrimidia-S-yl)^^ 

thiamotpholmo-benzoratrile 



Example 101 

20 244-(4-ammo-7-isopropyl-7H-p>Trolo[2,3-d]pyri.midm-5~yl)phenoxy]-^^ 
dirasthyiamiao)propylamino]beiizoTiitrile. 



Example 102 

2-[4-(4-ammo-7-isopmpyl-7H-pyn»lo[2,3Hllp>'rimidin~5~yl)phenoxy3-6- 
25 <2,2^,-trifluoroethoxy)beim)mtrile. 



Exampie 103 

2-[4-(4-ammo-74sopK>pyi-7Ii-pyrrolo[2,3-<i3pyrimidin-5-yl)phetioxy]-6-(3- 
methoxypropylamino)benzomteiie. 

30 
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Bxample 104 

2-[4-(4-aiumo-7-isopn3pyl-7H-pynx)io[2,3-d]pyriii^^ 
dirnethylarnino-benzojiiirile. 

Example 105 

5 2-[4-{4-amino-7-isopK)pyi-7H-pynx)Io[23-d]pyrxmidin-5-yl^^ 
methoxy- benzonitiile, 

Exanjple 106 

2-[4^4-amin<>7-isoprapylr7H-pymjlor23-d3pf>Timidm-5-yl)phen^^ 

fluoro beiizonitrile, 

10 Example 107 

l-i4.-{4-ammo-7-isopropyi-7H-pyrroio[23Hi]pyrimidit}-5-yl)phenoxy3~4- 
nitro~2~trifl«oix>methyi-l3en2ene. 

Example 108 

l-[4-(4-amino-7-ii5opropyl-7H-pyrroIo[23-d3pyTimi<jBn-5-y^^ 
1 5 c Woro-2-nitro-4-trifluoromethyl-ben2;ene, 

Examples 109-137 were prepared by the genieral me&od described below. 
General Method 

A carboTiyl compotmd (approx. 50 mg) listed in Table J was dissolved in 
methanol (2 ml) and then polymer-supported sodium borohydride [on Atnberlite; 
20 IRA-400; 2.5 mmol of borohydride per g of resin; 2 eqtiivalents (50 mg of the 
starting materials ranged from 0J06 mmol to 0.1345 mmol) were added. 

The mixtures were shaken (orbital shaker) at ambient temperature for 24 h 
then filtered and the resins washed with methanol (2 x 1 ml) and the filtrates 
evaporated and the residues analysed. The products obtained are listed in Table K. 
25 HPLC RT is ^e reteatiion time in minutes. 




{00) (CHOH) 
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evaporated and the residues analysed The products obtained stq listed iij Table K, 
HPLC RT is the retention time in minutes. 
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Table K 



Product 




SM 
EX 


PD 
EX 


PRODUCT 


Ra 


Rb 


Rc 


Rd 


Re 


HPLC 
RT 


35 


109 


CF, 


H 




H 


H 


3.96 


36 


110 


CI 


H 


CH(OH)CH, 


H 


H 


3.99 


37 


111 


CI 


H 




H 


H 


3,81 


38 


m 


H 


H 


CH(OH)CH, 


H 


H 


3.75 


39 


113 


H 


H 


CH,OH 


H 


H j 3.57 


40 


114 


C,H{OH)C>Hs 


H 


CFj 


H 


H 


4.57 


41 


115 


CM<0H)Cll3 


H 


B 


ii 


CF, 


4.34 


42 


116 


CH,OH 


H 


H 


NfCH,): 


CN 


3.57 


43 


117 


CH.OIf 


H 


I] 


H 


CF. 


3.99 


44 


118 


CH(OH)CH, 


H 


H 


OCH, 


H 


3.79 


45 


119 


CH.OH 


H 


H 


CI 


H 


4.01 


46 


120 


CH(0H)CH3 


H 


F 


H 


H 


3.97 


47 


121 


ClUOH 


H 


OCH, 


H 


H 


3,68 


4S 


122 


Clipii 


H 


ii 


OCH, 


H 


3.61 


49 


123 


CH{OH)C2H5 


H 


H 


H 


H 


4.0S 
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SM 


m 


PRODUCT 


EX 


EX 


Ra 


Rb 


Rc 


Rd 


Re 


HPLC 
RT' 


50 


124 


CH,OH 


II 


II 


H 


F 


3.63 


51 


125 


CH(QH)CHj 


H 


H 


H 


H 


3.83 


52 


126 


CHjOH 


H 


H 


H 


PI 


3.64 


53 


127 


CFj 


H 


CH(0H)C,ll5 


H 


H 


4,85 


54 


128 


H 


H 


2-ThCHOH 1 


H 


H 


4.66 


55 


129 


II 


CFs 


CH{OH)CHj 


H 


H 


4,74 


56 


130 


H 


CP, 


CH5OH 


H 


H 


4.48 


57 


131 


H 


H 


CH(0H)CH3 


-CH«CH-CH=^CH-, 


4.65 


58 


132 


H 


OCH3 


CHjOH 


H 


H 


3.S2 


59 


133 


CH(OH)CjHs 


H 


H 


CF, 


H 


5.03 


60 


134 


CH(OH)CH3 


H 


H 


CF3 


H 


4.72 


61 


135 


CH(OH)CH, 


H 


CP, 


H 


H 


4,81 


62 


136 


CH(OH)CHs 


H 


CH3 


CI 


H 


4.87 


63 


137 


CHjOH 


H 


NO. 


H 


H 


3.96 



1 " Th = Thienyi 2 = fused ring to give naphthyl. 



The compounds prepared in Table K are listed beiow: 



5 Example 109 

4-[4-(4-Amino-7~isopropyl-7H-p>Tfo!o[2,3-d]pyrimidin-5-yl)phenoxy] 
trifiuoromethyl-benzyl alcohol. 
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Example 110 

4-[4-{4-Ammo-7-isoprcpyl-7Ii-pym5lo[2,3-d]pyrimidin-5-yI)^^^^ 
cMoro-a-methylbenzyl alcohol 

5 Exaitiple 1 1 1 

4.[4-(4-ammo-74sopmpyl-7H~p>'!Tolo[23-d1pyrim5din^^ 

cMoro-benzyl alcohol. 

Example 112 

1 0 4-[4-(4-aBiino- 74sopmpyl-7H-pyrrolo[2,3-ti]pyrirnidin~5- 

yl)phenoxy]acetoph6aoiie, 

Exaittple U3 

4-[4^;4-aiTiino-7-isopfOpyl-7H-p\TTolo[23-d3pyrimidin~5~yl^^^ 
15 alcohol. 

Example 114 

2'-[4-(4-amino-74sopTOpy1-7H-pyrroio[2,3-d3pyriimdin-5-yl)phenoxy]-5'- 
triiluoromethyi-a-etliyibenzyi alcohol , 

20 

Example 115 

2'.[4-(4-aiiiirio~7~isopropyi-7I:I-pyn:olo[23-d]pyrimidiii-5-yi)phenoxy]-^ 
triflBoroRiethyl- a-methylbeazyl aicohoL 

25 

Example 116 

2-[4-(4-amino-7-bopropyi-7H-pynolo[2,3^ijpyrjmidin-5-^ 
hydroxyniethyl-6-(dimethykmjno)benzonitrile. 
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Example 1 1 7 

2-[4-(4~amiiio-7-isopropyI-?H-pyEroio[23-d]pmmidm-5-y 
trifluoromethyI-b^i2yI alcohol. 

5 

Example 118 

2'-[4-(4-amijtio-7~isopropyl-7H~pyrroio[2,3~d]pyrmiidin-5-yl)phenoxy]-4'- 
mcthoxy-a-methylbenzyl alcohol. 

10 Example 119 

2-t4-(4-ammo-7-^sopropy^7H-pyn•o!o[23-d3pyrim^dm~5-y^)phen^ 
chiorobenzyl alcohol. 

Exampie 120 

1 5 2'44-(4-animo~7-isopropyi-7H-pyrroio[23-d]pyiTJT5idin~5-yl)phenox^^^ 
f!uon)-a-mefiiyibejizyi alcohol. 

Example 121 

2'44-(4-aimno-7-isopropyi-?H-pyTroio[23-d|pyrimidni-5 
20 methoxy-a-me&ylbeiKyi alcohol. 
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Example 122 

244-{4-mnino~74sopropyl-7H-p>TroiQ[23-d]p>^iniidm-5-y^^ 
methoxybeBzyi alcohol. 

5 Example 1 23 

2'-[4-(4-amMO-7-isoprcpyl-7H.pytroio[23-dlpyrimidm-^ 
eiliylbenzyl alcohol. 

Example 124 

1 0 244-(4-ainmo-7-isopropyl~7H~pyrroio[2,3-dlpwhnidm-5-yi)phenoxy]-3- 
fluorobenzyl alcohol 

Example 125 

2'-[4<4-amiiio-74sopiopyl-7H-pyrrolo[23-d]pyrimidin-5-yi)phenoxyj-a- 
15 metliylbenzyl alcohol. 

Exaiiiple 126 

2.[4<4-ammo-74sopropyi-7H-pyiTolo{2,3Hi]pyriinidin-S-yl)phmoxy 
alcohol. 

20 Example 127 

4 ^r4.{4,amino-7 4soprop yl-71 1-pyn"olo[23-d]pyrimjdin-5-yl)phen 
tiifluoromethyl-a-ethylbenzyl alcohol 



Example 128 

25 4-[4-(4-amino-74sopropyl-7H-pyrrQlo[2,3-djpyrimjdiii-5"yl)p^^^ 
thienyl)beazyl alcohol. 
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Example 129 

^'4M4-amino-7-isopropyI-7H-p>Troloi;23-d3pyrimidm-5-yl)^^^^ 
trifluoromeliiyl-a-raetiixylbenayl alcohol. 

5 

Example 130 

4.[4-(4-amir«>-?4sopropyI-7H-pyrTOloj;23-d3pyriniidm-5-yi;^hen 
trifluoromeihyl-benzyl alcohol 

10 Example 131 

1- {l-4-[4-(4-ammo-74sopn)pyl-7H-pjwo}o[23-d3pyrimidm-5- 
yi)phmoxy3naphthyI}-eihanol. 

Example 132 

15 4-[4-(4-ammo-?-isopropyI-7H-pyrroio(2,3-dlpyrimidin-5-yl)phenoxy]-2- 
methox^'benzyl alcohol. 

Example 133 

2- [4<4-animo-74sopiopyl-7H-pyirolo[23-dlpyriniidm-5-yl)phen 
20 trifluoromethyl-a-ethyibenzyl alcohol. 

Example 134 

244.C4-amtno-7-isopropyI-7H-pyrrolo[2,3-d3pyrimidm-5-yl)phenoxy]-4- 
trifluoromethyl-a-methyibenzyl alcohol. 

2.5 
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Bxample 135 

2-[4-(4-ammo-7-isopropyI-7H-pyiTOio[23-<i]pyri«ii<Hn-5-yl)phenoxy]-^^^ 
trifluoroinethyi-tt-methylbeaizyl alcohol. 

5 Example 136 

2.[4~(4-aminO'7-isopropyI-7H-pyTrolo[23-djpyrimidm-5-yl)phcnoxy]~4- 
chtoro-5-meihyi-a-raethylbenzyi alcohol. 

Example 137 

10 2-[4-(4-aniino-7-jsopropy1-7il-pyrmio[23-^i]pyritnidiri-5-yl)phenoxy]-3- 
nitrobeiizyl aicoiioi. 

The Examples listed in Table L were prepared by reacting aldehydes of 
fonnuia (AL) witli diethylaniine in the presence of .Na<OAc)jBH to give compounds 
1 5 of fonnuia (AM). The starting aldehyde was prepai-ed in an earlier Example which is 
given in tlie Table. 




At AM 



Gea^eral Method 

The aldshyde was treated with 1 ml of a stock solutioii of THF (50 ml) aiid 
20 diethylamin© ( 2 ml) [eqaivalent to 40 jil diethylaminei and left at room temperatitre 
for 1 hour in a septum sealed tube. Na (OAc),BH. (20 mg ± 2 mg) was added to 
each reaction wMdi was then flushed with Nj, re~capped and left at ambient 
temperature for 24 homs. A solution of acetic acid (3 ml) in 100 ml THF was added 
to each of the ketone reactions and left at room temp^ature over the weekend. 
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Reactions were quenched by addition of saturated Na^CO, aq (1 mi ) and extracted 
into dicMoromethane (2 mis) by shaking capped tube, collected and allowed to 
evaporate. LCMS was carried out on all products and the target m^s found in each 
case. 




Table L 



SM 


PD 


PRODUCT 


EX 


EX 


Ra 


Rb 


Rc 


Rd 


Re 


HPLC 

RT 


65 


13S 


II 


H 


CO(P) 1 


H 


H 


3.62 


35 


139 


CF, 


H 


CH.NCCjIi,). 


H 1 H 


3.83 


40 


140 


n 


H 




H 


H 


3.36 


43 


i4i 




H 


H 




CN 


3.34 


44 


142 


CH,N(C,I-I,)3 


H 


H 


H 




3.80 


49 


143 


CH,N(C,H,), 


H 


H 


OCH, 


H 


3.42 


51 


144 


CH,N(C-jH,)2 


H 


H 


H 


F 


3.27 


53 


145 


CH,N(CjH.5), 


H 


H 


H 


H 


3.31 


57 


146 


H 




ClijNCQHj). 


H 


H 


4.12 


59 


147 


H 


OCH, 


CH,N{C,H5)2 


H 


H 


3.52 
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91 


148 


CHjNCQH;), 


H 


OCH, 


OCH, 


H 


3.25 



1. P l-methy]~2~(diethylaffiinomcthy1)pyn-ol-3-carbon^^ 

The compounds prepared in Table L are listed below, 

5 Example 138 

4- [4-{4-amino-7-jsopropyi-7H-pyrroioI2,3-d]p)dmidiii-5- 
yl)phejti.oxyjbenzoyi" I -methyI-2-(dje1JiyiaminomethyI)pyrroie . 

Example 139 

10 5-[4-<4-diethylammomethy!-2-trillttorom«^hylphenoxy)phenyl]-7-isopropyl-- 
7H-pyrrolo[23-d]pyrimidin-4-ykTnine. 

Example 140 

5- [4-(4-dicthy}aminomethyIphcnoxy)pheiiyl]-7-isopmpyl-7Il-p>'tTolo[2,3- 
1 5 d]pyrimidiii-4-yiamine. 

Exatnple 141 

2-{4-(4-ainmo-74sopK)pyl-7H-pyiwlo[23-d3pyrimidm-5-yl)pheaoxy]-3- 
die^iylaininomethyI-6-(dimethy1ainino)benzomti'iie. 

20 

Example 142 

5~[4~(2-diethylaminoraethyl-6-tri{]uoTomethy!phenoxy)phenyl]-7Tisop 
pyrroIo[23-d]pyrimidin-4-ylamme< 

25 Example 143 

5~[4-(2-diethylaminoniethyI-5-methox>'phenoxy)pheny1]-7-isopropyl-7H~ 
pyfroio[23-d]pmmidin-4-yiainme. 



Example 144 

30 5-[4~(2-djethy3aminomethyl-6'-fluorophenoxy)ph^y}]-7-isopropyI~7H- 
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pyTTOlo[2,3-'J]pyriinidiii-4-ylam!Tie. 
Example 145 

5-[4-{2-diethylamjnomethylphenoxy)phenylj-7-jsopmpyI-7H-p>'rrolo[2,3- 
5 d]pytimidm-4-yljanime. 



Example 146 

5-{4-(4~die(hyianiinoineOiyi-34rifluoramethylphenoxy)phenyI]-7-^^^^^ 
10 7H-pyrrGlo[2,3-d}p>'Timidm-4-yiaittiae. 

Example 147 

5-[4-(2-diethyiammoraethyl-5-methoxyphenoxy)phenyl]-7-isopmpyl-7H- 
pyiroio[2,3-d3-pyrii«idin-4-yIamine. 

15 

Example 148 

5-[4-(2-diethylaminomefhyI-4,5-dimethoxyphenoxy)phenyl3-7-isopTopyl- 
7H~pyrrolo[2,3~d]pyrimidin-4-ylamiiie. 



20 General Formula Q 

Examples 149 to 158 were prepared by reacting compounds of foraiula (AL2) with 
an amine of formula (AM2) as sliown in the scheme below in which R 1 00 is as 
previoBsly stated tising the procedure outlined in the general method. The products 
obtamed are shown in Table Q 



25 
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{A12) {AM2) {AP2) 



General Method Q 

The stock solution of the aldehyde (440 mg) in THF (1 1 ml) was dispensed 
equally into 1 1 septom sealed vials. Each reaction (containing 40 mg of CHO 
5 0. 1 075 mmol) was treated with an excess of the amine (3-10 molar 

eqiuivalents)li^ed in Table Q and Na (0Ac)3BH (1 1 3 mg; 0,5375 mmol) and left at 
room temperature for 48 hours. The mixture was quenched with saturated Na2C03 
aq, solution (1 ml) and shaken for I hour and extracted with dicWotomethane (3 ml) 
and separated by the use of Empore cartridge. The organics were allowed to 

10 evaporate at room temperature overnight and the residues dissolved in EtOAc (2 ml) 
and extracted with 2N HC! (1 ml) and vortex mixing. The acid layer was pipetted 
off, washed with EtOAc (2 x 1 ml) pipette manipulations and then basified witli 4N 
NaOH. The mixture was extracted into EtOAc (2 ml) vortex mixing/pipette 
separations and washed wife water {2 x 1 ml). The jRnal EtOAc layer was dried by 

1 5 pacing through a small EMPORE cartridge and evaporated to dryness. 



Table Q 



Ex, No, 




HPLCRT 


149 




4.36 


150 




5.37 
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Ex. No. 




HPLCRT 


151 


HN'-'^CO^CjHj 


3.64 


152 


.OH 


2,95 


153 




3,24 


154 




4.55 


155 


\ yj")^6 


3.35 


156 




3.47 


157 


-o 


3.39 


158 


-o 


3.25 



The compounds prepared in Table Q are as follows: 



Example 149 

Etiiyl 4- {444-(4-aiKino- 7-iSOpropy] -?H-pyrrolo[2,3-d]pyrimidiii-5- 
5 y l)phenoxyJphenyl ) -piperazine- 1 -carboxylate. 

Example 150 

Ethyl- 1 - { [4~(4-anjiiio-7-i sopropyl-7H-pyrro}o[2,3 -d]pyrimidm-5- 
yi)phenoxy]phsayl]-piperidme-2-carboxylate. 
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Exauple 151 

Ettiyl N- {4-[4-(4-amino-74sopropy^7H-pyn'o!o[2,3-d3pyriittidia-5- 
yl)phefnoxy}phenyI-animoacetate, 

5 Exaniple 152 

N-{2-{4-{4-amhio-7-isopropyl-7H-p>^olo[2,3-d3pyriraidin-5- 
yl)phenoxy3pheayimethyI)-2~amiiioethanol 

Example 153 

10 7-IsopR>pyl-5-f4-(2-dimethy]ammornetliyIpbmoxy)phenyi>7H-pj^n^ 
d]pyrijmidin-4-ylaiiime. 

Example 154 

74sopK)pyl-5-[4-(2-(2-thiazolyIammometiiylphenoxy)phenyl]-7H- 
1 5 pym)Io[23-d]-pyrimidin-4-yIamme. 



Example 155 

74sopropyl-5-[4-(2K4-methy1pipera2in-1-ylrnethy1)phenoxy)pbetiyl3-7H~ 
pyrroio[23-d]~pyriinidii}~4-ylanime. 

20 

Example 156 

74sopmpyi-5-[4-(2-moiphoMnomethylphenoxy)phe«yl]-7ii-p>'rrolo[2,3- 
d3p>'rimidin-4ylamiae. 



25 Example 157 

74sopropyi-544-(2-piperidmometftylphenoxy)ph6ny13~7H-pyrrolo[23- 
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d]pyrimicliij-4-yla«ime. 



Example 158 

?4sopropyl-544-(2-pyfToiodinomethyiphmoxy)phenyl|-7H-pyn^ 
5 d]pyrimidm-4-ylamme. 

The coiiditioKS used in LCMS for Examples 35-1 58 are given below. 



Examples 35-52, 64-84 and 109-126. 



Colmun; 
Mobile Phase: 



Wavelength Range; 
Flow Rate: 
Injection Volume: 
MS 

Method; 
loaisation 
Mass Range: 



Peco R Activity 3mm x 3xm CI S-P&S (Perkiti Elraer) 

O.IM Ammonium Acetate Buffer [pH 4.55]; Acetoaitrile 

(gradient - see below). 

1 0~ 1 00% MeCN i n 5 minutes, 

100% MeCN for 1 minute. 

1 00-10% MeCN in 2 minutes. 

(Total analysis run time 8 minutes). 

250-320 nm. 

1 ml/minute, 

20^1. 

AJPCniH. 
APcI+ve/-ve. 
100-700 m/z. 



25 Examples 53-63, 85-108 and 126-137 

Column: 5 ul Hypersii 100 x 2.1 mm BDS CI 8 

Mobile Phase: 0,1M Ammonium Acetate Buffer [pll 4.55]: Acetonitrile 

(gradient - see below). 
Conmiions: i 0-100% MeCN in 8 minutes. 
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Wavelengih Range: 
Flow Rate: 
5 Injection Volume: 
MS 

Method; 
lomsation 
Mass Range: 

10 

Examples 138-158 
Column; 
Mobile Phase; 

15 Conditions: 



Wavelength Range: 
20 Flow Rate: 

Injection Volume: 
MS 

Method: 
lonisation 
25 Mass Range: 
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100-10% McC:N for 3 minute. 
(Total analysis run time 1 1 minutes), 
250-320 nm. 
I iid/miimte, 
20* ill 



APCniH.. 
APcI -i-veZ-ve. 
100-700 nj/z. 



5 ill Hypersil 100 x 2.1 mm BDS C18 

0,lM Ammonium Acetate Buffer [pH 4,55J; Acetonitriie 

(gmdient - see below), 

10-100% MeCN in 8 minutes. 

100% MeCN for 1 minute. 

1 00-1 0% MeCN for 2 minutes. 

(Total analysis am time 1 1 minutes), 

250-320 nm. 

1 ml'minute, 

20* 



APCIUH, 
AFcI -fveZ-ve, 
100-700 m/z. 
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Example 159: 7-isopmpyl-5 -(4~(p>Tiniidin~2~yioxy)p.henyi-7II-p>arcolo[23- 
d3pyi'imid.m-4-ylamiae 

a) Iodine (52.9 g) was added to a stiired solution of 4~cMoro~7.H-pyrrok>[2,3~d]~ 
5 pyrimidine (29.1 g, J. Chem. See. 1960, 131) in N,N-dimethyIfonJiainide 

(400 ml). Potassium hydroxide pellets (31.9 g) were added in portions to the 
cooled mixture so that tl^e tcmpei aiure of the reaction mixture was maintained 
arouHd 20*'C and this mixture was stirred at ainbient temperature for 2 hours. A 
solution of sodium tliiosulphate (900 ml of a 10% aqueous solution) was added 

10 in a steady stream keeping the teniperatme at 30"C by external cooling. The 
mixture was extracted with ethv'i acetate and the combined extracts were driedj 
filtered and evaporated under reduced pressure to give a residue which was 
added to water (1 L) and extracted with ethyl acetate (2 x 1 50 ml). The 
combined ethyl acetate extmcts were dried and evaporated to give a solid which 

1 5 was recrystaiiised fiom ethyl acetate. The solid obtaitied was stirred with 

methanol (SCO ml) and filtered to remove some insoluble material. The filfi^te 
was evaporated to dryness to give a pale yellow solid which was idmtified as 4- 
chioro-54odo-7H-pyrrolo!;2.3-d3-pyrtmidine, m.p. 219-22rC. 

20 b) 4~Chioro-5-iodo-7Hi7wolo[2,3-djpvTimidine (10,0 g, see Exmnpi^ l?)was 

added in portions with stirring irnder nitrogen at 0"C to a suspension of sadinm 
hydride (1 .6 g of a 60% dispersion in mmeral oil) in RN-dimetliylfonnamide 
(250 ml). When the addition was complete the mixture was allowed to warm up 
to ambient temperature and when no more gas evolution was observed, a 

25 solution of isopropyl bromide (34,0 ml) in N,N-dimethylformamide (20 ml) was 
added dropwise. The mixture was .stilted at ambient temperature overnight then 
quenched by the dropwise addition of water (300 ml) with external ice-cooling. 
The mixture was then washed with ethyl acetate (3 x 300 ml), the combined 
organic layers were washed with water, dried, filtered and evaporated to give 4- 

30 cWoro-5-iodo-7-isopropyl-7H- p¥iTOio[2,3-d3pyriiiiidine as a yellow solid, m.p. 
116-11 S^'C. The structure was confinned by IH nmr. 
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c) A mixture of 4-chloro-54odo-74sopropyl-7H-pyrTOlo[23-d]pyriim{ime (2.8 g), 
4-methoxybcsnzeneboromc acid (1,32 g), bis(triphenyiphosphme)palladium (II) 
chloride (625 mg), toluane (85 ml), ethanol (1 1 ml), watar (22 ml) and sodium 

5 bicarboitMe {2.2 g) was heated undo- nitrogen at lOS^C fori Shears. The 
mixture was allowed to cool to ambient temperature aiid tiien partitioned 
between ethyl acetate (100 ml) and brine ( 1 00 ml). The organic layer was 
separated and the aqueous layer was washed witli ethyl acetate (2 x 50 mi). The 
combined organic layers %'ere washed with %vater, dried, filtered ajld evaporated 

10 under reduced pressure to give a black oil which solidified on cooling. Tliis 
material was purified by flash column chromatogiaphy on silica using 
cyolohexane/ethyl acetate (7:3) as the mobile phase. Appropriate fractions were 
combined and concentrated tmder reduced pressure to give a yellow oil which 
solidified on standing to ^ve 4-cMoro-7-isopropyl-5-(4-methoxypheny})-7H- 

1 5 pyrrolo[2,3-d3pyrimidiiie. The structure was confinned by IH niwr, 

d) A mixture of 4-ch1oro-'7-isopropyl-5-(4-methoxypheny1)~7H-pyrrolo-|;2,3-d3- 
pyrimidine (1,6 g), concentrated ammonia (80 ml, S.G. ,880) and 1,4-dioxanc 
(80 ml) was heated in a pressure vessel at 120T for 1 8 hours. The mixture was 

20 cooled to ambient temperature and the solvent was removed under reduced 
pressure to give a solid residue which was partitioned between ethyl acetate 
(100 ml) and water (100 ml). The aqueous layer was extracted with ethyl acetate 
and the combitied organic layers were washed with water, dried, filtered and 
evaporated to give4~amino-7-isopnjpyl-5-(4-methoxypheny1)-7H- 

25 pynrolopjS-dj-pyi-imidine. The stnicture was confirmed by IH nmr, 

e) A solution of boron tribromide (14,4 ml of a IM solution in dichloromethane) 
was added dropwise to a stirred solution of 4-amino-7-isopit>pyl-5-(4- 

30 meihoxyphenyl) pyrrolo[2,3-d3pyrimidiiie ( 1 .35 g) in dichloromethane ( 1 00 ml) 
at -10*C under nitrogen. The reaction mixture was allowed to warm to 0"C and 
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stirred at this temperature for one hour. Additional boron tribromide (9,6 mi of a 
I M solution in dichioromethane) was added at -lO^C and the mixture was 
ailowed to warm to O'C and stirred for a further hour. The reaction mixture was 
quenched by the dropwise addition of saturated sodium bicai-bonate solution 
5 (50 ml). The mixture was allowed to stmid overnight and the dichloromethane 
iayer sepsjrated off. Insoluble material at the interface was removed by filtration 
and dried to yield 4-aj;nino-5-(4-hydros5'phcnyI)-7~isopropyl-7H- 
pyiTo1o[2,3-d]pyrimidine. The structure was ctmfinned by IH nmr. 

10 f) 4-aniino--5-(4--hydmxyphenyl)-7-isopropyl"7H"pytTo1o[2.3-d]pyTlmidine 
(0.05 g), 2-cliloropyrimidjne (23 rag), potassium carbonate (39 mg) and 
dimethylforraamide (3 nU) were heated at !?0"C with shaking for 26.5 hours. The 
mixture was then shaken for a further 24 hours at ambient tempsaature. The 
reaction mixture was partitioned between ethyl acetate (20 ml) and 2M sodium 

1 5 hydroxide solution {20 ml). The aqueous layer was separated and extracted with 
ethyl acetate. The combined ethyl acetate extract and washings were combined 
dried filtered and evaporated to give a solid which was purified by flash column 
chromatography on isilica using dichlomiethane/mcthanol (95:5) as a mobile 
phase to give a solid which was idenified by liquid cliromatography LCMS as 7- 

20 isopropyi~5-(4-(pyTiniidjn-2-y]oxy)phenyl-7H-pyTrolo[2,3-d]pyrimidin-4- 
ylamine. The structure was confirmed by IH mm spectroscopy. 

Example 1 60: 4-(4-amino-7-isopropyi-7H~pyrrolo[2,3-d]pyrimidin-5- 
yl)ben2aldehyde 

25 

a) A mixture of 4-cMoro-5-iodo-74sopn)pyl-7H-pyrro1o[2,3-d]pyTimidine (0.50 g), 
4-formy1beixz;ene boronic acid (0.48 g), bis (triphenylphosphine) palladium 01) 
ciiloride (11 2 mg), toluene (15 ml), ethanol (2 ml), water (4 ml) and sodium 
bicarbonate (0.40g) was 1 OS^C for 8 hours. The mixture was cooled to ambient 
30 temperature, then diluted with brine and extracted with ethyl acetate to give an 
oil which was purified by flash column chromato^aphy on silica using 



wo 00/17202 



PCT/US99/21536 



increasing amounts of ethyl acetate in cyctohexane from 20% to 40% to give 4- 
{4-cMoro-7-isopropy1-7H-p>Trolo[23-d]pyriinidin-5-yl)beiizaMehyde, m.p. 138- 
140''C. 

5 b) A mixture of the product from part a) (2.7 g), concentrated aqueous ammonia 
(75 ml sg O.SSO) and 1,4-dioxane (50 ml) was heated at l2(fC for 16 hours in a 
pressure vessel The xnixtiire was cooled io ambient temperature md tl\e solvent 
removed under reducet! pressure. Water was added and tlie mixture was 
extracted with ethyl acetate to give a solid which was triturated with ethyl acetate 
10 and filtered to give a solid wliich was ideniilled by LCMS as 4-(4-amino~7~ 
ist>pK)pyI-7H-pyrroio[23-dlpyriniidin~5-yl)benzaldshyde. m.p. 198-200T. 

Example 161 : cc-J4-(4-amino-7-isopropyl-7H-pyn'oio[2,3"<i3pyrimidin-5- 
yl)phenyl]beiizyi alcohol 
1 5 Phenylmagnesium chloride (1 .5 ml of a 2M solution in THF) was added 

dropwise wth stirring under nitrogen to a solution of 4-(4-amino-7-isopa->pyi-7I:l- 
p>Trolo[2,3-d]pyrimidin'5-yl)benza1dehyde (0,25 g) in tolasne/THF (I :l, 16 ml) at 
minus 78''C under nitrogen. After Ihe addition the mlxturc was allowed to warm (fC 
and maintained at tins temperature for 40 minutes. The reaction was quenched by 

20 the dropwise addition of saturated ammonial chloride solution (4 ml) at 0"C. The 
mixture was allowed to warm to sanbient temperature jmd stood overnight at Ibis 
temperature. The solvent was removed under reduced pressuie and tiie solid residue 
obtained was washed with water and filtered. The residue was triturated with hot 
ethyl acetate, collected by filtration and identified by LCMS as «:-[4-(4-amlno-7- 

25 isopropyi-7H-p3,'rro1oI2,3-d]pyrimidin-5-yi)phenyl]beiJzyl alcohol, m.p. 279-28rC. 

Example 1 62: 7-isopropyI-5-(3-f(phenyl-4-yl)methylenej-2-oxindole)-7H- 
pyrrolo[23 -d]pyrimjdin-4-ylamine 

A mixture of 4-(4-aniino-7-isopropy]-7H-pyn,-olo[2.3~d]p>'Timidin-5~ 
30 yl)betizaldehyde (0.2 g) 2~oxindole (95 mg), piperidine (0.02 ml) and ethanoi (5 ml) 
were boiled under reflux for 3 bours. The mixture was cooled to ambient 
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temperatoe and the solid which formed was collected by filtration md reco'staJised 
from cthanoi to give 74sopropyi-5<3~[(phenyl-4-yi)methylene]~2~om^ 
pyrroio[2,3"<i3pyrimidin*4-y1amiae. 

5 Example 1 63 : 5- [4-amino-7~isopTOpyi-7H-pyr]X>lo[2,3 -d]pyrinaidjn-5-ylj-2- 

pheiioxybenzylalcohoi 

a) A mixture of 5-brofflo-2-iluoix>benzaldehydc (20,0 g), phenol (9.26 g), 
potassium carbonate (16.4 g) and dimethyllbrmamide (200 m!) was heated 

1 {) 1 60'C for 5 hours. The mixture was cooled mid diluted with water then 

extracted with ethyl acetate to give 5-bromo-2-phcnoxybenzaldehyde as m oil 

b) A mixture of the product from part a) (5.71 g), hexamethyiditin (lO.O g), tetrakis 
(triphenylphosphine) palladium (0) (1 .5 g) and toluene (200 ml) was boiled 

1 5 imder reflux under nitrogen with stirring for 5 hours. The mixture cooled 
and filtered and filtrate evaporated to give a residue which was purified by flash 
calamn chromatography using petroleum etiier b.p. 40-6{fC with increasing 
araounis of diethyl ether from 2.5-7.5% as a mobile pliase to give 5- 
irimethylstaimyl-z-phenoxybeji^aldehyde, 

20 

c) A mixture of the product from part b) (2.0 g), 4-cMoro-5-iodo-7-jsopropyi-7H- 
p>'Tro1o[23-d]pyrim}dine (0,99 g), Iriphenylaisiae (0.235 g), and tris 
(dibenzylideneacetone)dipalladittm<0) (0.41 g) and dimethylfbrraamide (20 ml) 
was heated at 65*C under nitrogen for 1 8 liours with stirring. The mixture was 

25 cooled and water was added. The mixture was extracted with ethyl acetate to 
give a n^idue which was purified by flash column chromatography oil silica 
using increasing amounts of ethyl acetate (5-20%) in. cyclohexane as the mobile 
phase to give 5-[4H;hloro-7-isopropyl-7H-p5:TTolo[23~djp>'rimidine-5-yl]-2~ 
phenoxybeniialdehyde. 

30 

d) A mixture of the product from part c) (0.325 g), sodium borohydride (32 mg) 
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and raetiianol (5 mi) was stitred at (fC for 30 minutes and then wanted to 
ambient temperature and stirred at this temperature for one hour. The mixture 
was quenched with 50% glacial acetic acid (2 mi). The solvent was removed 
under reduced pressure md water added to the residue which was then 
5 extracted with ethyi acetate to give 5-f4-chioro-7-isopropyI-7H-pyrrolo[2,3- 
d]pyrimidine-5-y}]-2-phenoxybei-!2y!aicohol as a solid m.p. 157-159°C. 

e) A inixtiire of the product from part d) (0. i 8 g), concentrated aqueoxis ammonia 
solution (20 ml, sg 0,880) and 1 ,4-dioxane (20 ml) was heated in a pressure 
1 0 vessel at 1 20*C with stirring for 16 hours. The mixtta"e was cooled and 

partitioned between etliyl acetate and water. Evaporation of the ethyl acetate 
extract gave an oil which was purified by flash column chromatography to give 
5-[4-araino-7-isopropyl-7H-pyn:olo[23-djpyrimidin-5-yl]-2- 
pbenoxybeiizylalcohoi, m.p. 92-94*C, 

15 

Example 1 64: 4-amino-7-cyclopenlyl-5-(4~pheaoxypheny1)-7H-pyrrolo-f2,3- 
d]pyrimidiR-6-ylcarbonitrile 

a) 4-Phenoxyacetophe«one (1 50.0 g) was dissolved in acetic acid (2 1) and stirred at 
20 50**C whilst pyridinium tribromide (25 1.6 g) was added in portions. The brown 

solution was added to water {3 1) and the mixture extracted with toluene 
(i X 800 ml and then 2 x 400 mi). The combined toluene extracts were washed 
with water and then with aqueous sodium bicarbonate solution until fee 
effervescence ceased. The combined toiuejie extracts wcxe s^arated, dried and 
25 filtered and used ditiectly in part b) below, 

b) The solution of 2-bronio-4 -phenoxyacetophenone in toiuene obtained in a) was 
added to a solution of cyelopentyiamine (154 ml) in toluene (1 1) with stirring 
under nitrogen over 1,5 hours whilst keeping the temperamre below 5''C. The 

30 mixture was then stirred for 2.5 hours keeping the temperature belo w i 0"C and 
then the mixture was JBltered. The filtiate was treated dropwise with 
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concentrated hydrochloric acid {120 ml) whilst keeping the temperature heiow 
10''C. The precipitate collected by filtration and triturated with propan-2- 
ol/ether { 1 : 1 ) to give a solid which wi^ dried under vaoiiuin at 40*0 for 6,5 hours 
to give 2-cydopentylamino-4'-phenoxyacetopheaone hydrochloriide. 

5 

c) The product from b) (35.1 g) was added to a solution of malononitrile (9.5 g) in 
methanoi (500 ml) under nitrogen and then an aqueous solution of potassium 
hydj-Qxidc (17.0 g) in water {75 ml) was added dropwise over 30 minutes while 
keeping tive temperature between 0 and S^C, Tlie mixtxire was then boiled mider 

10 reflux for 2.5 hours, Furtiier malononitrile (1 .0 g) in methanol (10 ml) was 
added and the mixture boiled under reflux for a further 3 hours. The mixture 
was left to stand at ambient ttsnperature for 18 hours and then the methanol was 
removed under reduced pressfure and the residue kept under mtrogen. The 
residue was dissolved in dichloromcthane (600 mi) and washed with water then 

1 5 brine and then dried, filtered and evaporated to give a brown solid which was 
triturated with diethyl ether to give 2*amino-3-cyano-i-cyclopentyI-4-(4- 
phenox>i:>henyl)pyrrole which was used directly in the next part of this example, 

d) The product from c) (25.9 g) was dissolved in a mixture of formamide (155 ml), 
20 N,N-dimethyIformamide (52 ml) and fomiic acid (20,2 ral) and the mixture was 

heated under nitrogen at an internal temperature of 166"C for four hours. The 
mixture was cooled and poured into water (3.5 I) and then extracted with ethyl 
acetate (3 x 1500 mi). The combined ethyl acetate extracts were washed with 
water, dried, filtered and evaporated to give a solid which was triturated with 
25 ether and filtered to give a solid which was recrystallised from industrial 
methylated spirit to give 7-cyclopentyl~5-(4-pheiioxyphenyi)-7H- 
pym>lo[2,3-d3pyrimidin-4-ylamine, m.p. 178-179''C. 

e) The product from d) (3,7 g) was stirred in dry dimethyl formamide (120 mi) 

30 under nitrogen whilst H-bromosuccinimide (1 ,8 g) was added in portions under 
nitrogen in the dark. Hie mixtui'e was stin-ed for 1 8 hours in the dark then 
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worked ap to give 6-bromo-7-cyciopentyl-5<4-phmoxyphenyi>7H-pyrrolo[2,3- 
d] pyrimidm-4-ykmjne, lu.p. 161 .S-iea-SX. 

ft A mixture of the product from e) (449 mg% Tim cyanide (75 mg) and N-methyl- 
5 pyrrolidone (1 0 ml) treated with trj(2-&ryl)phosphine (63 mg) tlien 
thoroughly dcoxygenated undOT nitrogen and tris(dibenzylideneacetone) 
palladium(O) (45 mg) was added. The mixture was heated to 90*C and kept at 
this temperature for 20 houra. Ethyl acetate (20 ml) was added followed by 
aqueous ammonia solution (20 ml of a 2M solution). The mixture was stirred 

1 0 and then tite ethyl acetate layer was separated off and the aqueous layer was 
further extracted with ethyl acetate. The combined efhyi acetate layer and 
washings were dried, filtered and evaporated to give a residue which was 
pnrifted by flash column chromatography on siiica using etbyi acetate as the 
mobile phase to give 4-amino-7-cyclopentyi-5-(4-phenoxyphenyl)-7H-pyTrolo- 

1 5 [2,3~d3pyri.midin-6-ylcarbonitri1e, m.p, 1 1 7.5-1 1 S.S^C. 



WO06/172e2 



Example 1 65; 6-ammometbyI-7-cyclopentyl-5-(4~phenox3^henyl)-?H-pyn-o]oP 
d3pyrimidm-4-ylamnc 

The product ixom tlie previous example (0.88 1 g) was dissolved in warm 
ethanol (20 m!) and this solution was added to etiianoi saturated with ammonia 
5 (200 ml). Raney® nickel (2x1 mi) was added and the mixture was shaken under 
hydrogen for 6 hours. Positive pressure developed and periodically gas was vented 
from the apparatus. After 2 hom's the vessel was evacuated several times and filled 
with hydrogen. After a fortiier 2 hours this process was repeated. Finally the 
mixture was shaken for a iurther 1.5 hours and then filtered. The filtrate was 

to evaporated to give a solid which was triturated with ether and collected by filtration 
to gi ve a crude solid which was dissolved in ethyl acetate. Maleic acid (0,2 g) in 
ethyl acetate was added in portions until no further precipitation occuired. The 
resulting mixture w^ wanned and triturated and then allowed to cool over 16 hours. 
The solid was collected by filtration to give 6-aminomethyI-7-cydopentyi-5-{4- 

1 5 phenoxyphenyl)-7H-pyn-olo[2,3-d]pyrjmidin-4-ylatnine, m.p. 196.5- 1 97.5*'C, 

Example 166: 7-tertl>uty!-5-(N-fonny1-4-phenylaminophenyl)p>Trolo[2,3~ 
djpyrimxdine 

A mixture of 74ertbiUyl-5-(4-iodopheny1)pvmilor2,3d]p>'Timidin-4-ylarnine 
20 (LO g), foimanilide (1 ,0 g), anhydrous poiassiuru carbonate (1 .0 g), copper (1), 

iodide (100 mg), cx)pper powder (80 mg) and N-methylpyrrolidine (5 ml) was heated 
at 107"C with stirring under nitrogen for 22 hours. The mixture was cooled and 
water was added. The mixture was extracted with ethyl acetate to give a residue 
which was purified by reverse phase preparative HPLC to ^ve 7-tertbutyi-5-(N- 
25 fomiyl~4"phestiylarainophenyl) pyrroIo[2,3-d]p>Timidine, m.p, 1 63-I64T. 

Example 167: 3- {4-[4-amino-7"teftbutyl~7H~pyrrolo[2,3-d]pyrimidin-7-yl}benzyl 
alcohol 

In a similar manner to the previous example 7-tert-butyl-5-(4-iodophenyl)- 
30 pytroioi2,3~3pyrimidin-4-ylamine (392 mg) was reacted witli 3-hydroxybenzyl 
alcohol (372 mg) to give 3-{4-[4-aniino-7-tenbutyl-7H~pyirolo[2,3~d]pyrimidin-7- 
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yi J benzyl aicohol. 

Example 168rN-[2-[(4-amino-7-jsopropyipynwlo[23-d]pyrimi<lm-5- 
5 yi^hctiox>']piienyl} 

A mixtiire of 5-i4-{2-aminophenoxy}phenylJ~7H-isopropylpynoio[23-d]- 
pyrimidiB-4-y!amme (43 mg), potassium cyaoate (3 1 mg), giacial acetic acid (7 ml) 
and elhanoi (3 ml) was stirred and heatsd at 70X. for 2 hours. Further glacial acetic 
acid (7 ml) and potassiijni cyanate {11 mg) were added and heating was contimied at 
1 0 1S%2 for 6 hours. The mixture was evapotated under reduced pressure. Water was 
added to the residue and the mixture was extracted with dichloromethaue to give N- 
t24(4-ambo-7- jsopropy]pynoJo[23-djpyrini jdin-5-yl)pheaoxy3pheiiyl} urea as a 
solid. 

1 5 Example 1 69 : ?-(2-Hydit>xyethyl)-5- {4~[4~(2~hydroxyethoxy)phmoxy]phenyl } 
pym5lo[2,3-d]-pyriinidin-4-yiamine 

7~(2~Hydroxyethy!)-S-(4-[4-(2-hydroxyelhoxy)phenoxy]phenyl}pyrrolo[2,3- 
dj-pyrimjdi!i-4~ylaraine, m.p. 166-I66.5X" wijs prepared by reacting 5- f4-[4~(2- 
hydroxy)-phenoxy]phenyl}-7H-p}Trolo[2,3-d]pyriraidiri-4-ylarniiie with ethylene 
20 carbonate in N,N-dimethyi.formanude contaiiiing a catalytic amount of sodium 
hydroxide power at boiling point for I hour. The product was obtained after work- 
up and purification by flash column chromatography on silica. 

Example 170: 5-[4-(4~Amino-7-isopropyl-7H~pyrrolo[2,3-d3pyrimidin-5- 
25 yl)pheiioxy33ndan~l-oi 

5-[4-(4-Arnino-7-isopropyl-7H-pyn'oIo[23-d]p>Timidin--5-.yl)phenoxy]indan- 
l~oi was prepared by reducing the product of Example 32 following the procedure 
of Examples 109 to 137. 

30 Example i7i; 6-Aiiiino-244K4-amiiK>-7-isopropyl-7H-pyirolo[2,3-d]p>Tirnidin-5- 
yl)phenoxy]benzonitrile 
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6-Ammo-2-[4<4-amino-74sopropyl-7H-py3TOlo[2,3-d]pyriraidiii-5- 
y1)phenox>'3benzomtrile was prepared foUowmg the procedure of Examples 35 to 
108. 

Example 1 72: 2-[4-(4-Amino-7-isopmpyI-7H-pyrroio[2,3-d]pyrimidm-5- 
5 yI)phettoxy]--5-methy1beazoiiitnle 

2"[4K4-AjrainO"7-isopropyi-7H-p>Trolo[2,3-d]pyrimidiii-5-yi.)^^^ 
methyibenzonitnie was prepared following the procedure of Examples 35 to 108. 



ExaiKpIe 173 : 7~isopropylsulpho«yl-5-(4~phenoxyph.enyI)-7Ii-pyrfoio[2,3- 

10 d]pyrimjdiTi-4-ylamine 

5<4-Phenox>'pheay!)-?H-pvTrolo[2,3-d]pyrimiditi-4-ylaniine (1.57 g) was 
dissolved in dry diraeihylfoniiamide (30 mi) ajid then sodium hydride (0,22 g of a 
60% dispersion in mineral oil) was added with stirring- The mixture was stirred for 
30 minutes and then isopropylsulphonyi chloride (0.74 g) was added and the mixture 

15 was stirred at ambient temperature for 1 8 hours. Water was added to the mixture 
until no further precipitation occurred. The solid was collected by filtration and 
purified by flash column chromato^aphy on silica using dichloromethan©' methanol 
(9:1) as the mobile phase to give a solid which was further purified by flash column 
chromatography on silica using ethyl acetate as the mobile phase to give 7- 

20 isopropyisuiplK)nyl-5-(4~phenoxyphenyl)~7H-pyrrolo[2,3~djpyrimidin-4-ylamine, 
m.p. 162-162.5T. 

Example 1 74: 7-[4-ainjno-5-(4-phenoxyphenyl)-7H-pynoio[2,3-d3pyrimidin-7- 
yl]bicyc1o[3,3.0]octan-3-ol 

25 

a) Sodium borohydride (547 mg) v/as added in portions to a solution of cis- 

bicycioi3.3.0]octane-3,7-dfone, (2.0 g) in methaiioi (20 ml) at OXl The mixture 
was stirred at O^C for 1 hour atxd then allowed to warm to ambient temperatme 
and then allowed to stand at ambient temperature for 1 8 hours. Tlie mixture was 
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quenched with 2M sodium hydroxide solution (5 ml) and then concentoated 
under reduced pressure. The residue partitioned between ethyl acetate 
(50 ml) and water (50 ml). The aqueous layer was separated and extracted with 
ethyl acetate. Hie combined ethyl acetate extract and waslungs were dried, 
5 filtered and evaporated to leave an oil which crystallised on standing to give cis- 
bicyclo[3,3.0]octane-3,7-diol. 

b) A mixture of the diol from pait a) (0.8 g), p\'ridine (1 0 ml) and p-toluene- 
sulphonyl chloride (1 . 1 7 g) was stirred at 0"C tor 2 hours and then aOowed to 

10 stand at ambient temperamre for 1 8 hours. The mixture was poured into 5M 
hydrochloric acid and extracted with ethyl acetate. The combined ethyl acetate 
extracts w^e washed wife 2M hydrochloric acid, then dried filtered and 
evaporated to leave an oil containing mainly cis~7- 

toiuenesuiphonyioxybicyciop.3.03octan-3-ol which was used directly in the next 
1 5 part of this example, 

c) 5-(4-Phenoxyphenyi)-7H-pym)io[2,3-dJpyrimidin-4-ylamine (193 mg) was 
added to a mixture of sodi um hydride (52 mg, of a 60% dispersion in mineral 
oil) in dimethylformamide (10 ml) with stirring at (fC under nitrogen. The 

20 mjxt^^re was stirred at ambient temperature for 1 iiour and then the product from 
c) (1 90 mg) was added with stimng. The mi.xUire was wanned to 90"C and then 
heated at this temperature for 6 hours. The mixture was cooled to ambient 
temperature and partitioned betwewj water and etliyl acetate. The ethyl acetate 
layer wjk sepaiated and the aqueous layer was extracted witli ethyl acetate. 'ITie 

25 combined etiiyl acetate extracts and waslangs were washed with water, dried, 
filt^ed and evaporated to leave an oil which was purified by flash column 
cfaromatogr^by on silica using ethyl acetate md then with incre^ing amounts 
of methanol, up to 10% methanol in ethyl acetate as the mobile phase. 
Appropriate ftactions were collected, combined and evaporated to leave a solid 

30 which was washed with cold etlier to give 744-ainino-5-(4-phenoxyphenyI)-7H- 
pym)lo[2,3-d]pyrimidin-7-yl]bicyclo[3.3.0]octan-3-o}, m.p. 193-194T. 
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Example 175 : 4-[4-amiao-5 -{4-phenoxypheny})-7H"pyn'olo[2,3 -d]pyrimi<3iii-7- 
yljcyclohexanol 

Sodium borobydride (SOOnjg, 1 3 mrnol) was addtxl in one portion to a stirred 
solution of 4~[4~amino--5-(4-phenoxypheijyI)-7H-pyrro1o[2,3--d]pyriiiiin-7- 
5 yl]cyciohexan-l-one (7$0in$, 2.0 irnnol) m n^ethaiioi (500 mL), an.d tb.e mixture 
stirred sinder an atmosphere of iiiirogeii for I hour, then left to stand oveiiiight. The 
soivent WiiB removed under reduced pressure, and the residue paidtioned between 
2M aqiieous sodium hydroxide solution (100 nil) md dichloroaietiiane (100 mL). 
The organic layer was separated and the aqueous iayer further extracted with 

10 dichJoromethane (2 x 100 mL). The combined organic extracts were washed witli 
water (150 mL), dried over potassium carbonate, and purified by cbiomato^aphy 
with a Biotage 40S column using ethy! acetate / trietliylamine (98:2 to 95:5) and 
ethyl acetate / ethanol (95:5) as a mobile phase to yield 4-[4-amino-5-(4- 
phenoxyphenyi)-7H-pyrrolo[2,3-d]pyrimidin-7-yl|cyclohexanoi as a white solid 

15 {750mg, 1.9 mmol), melting point: 199-200 deg. C.LC/MS: Hypersil BDS cl8 (100 
X 2.1 mm.) O.IM ammoniumacetate/acetonitriie, 10-100% acetouitrile in 8 min.)MH~ 
401 ,t, = 4. 12 minutes. 

Example 176: 

20 Benzyl A^-[5'<4-mmno-7-cyc3opentyl-7i/-pyrrolo[2,3-«0pyrimidin-5-yi)-2-- 
methoxyphenyl]carbamate 

a) 5-bjromo-2-methoxyamline(l) 

A m^ixture of 4-bromo-l~methoxy-2-nitrobenzene (3.0 g, 12.9 mmol) aad 
25 glacial acetic acid (25 ml) was heated at IO0*C under an atmosphere of nitrogen. 
Iron powdei" (2.2 g, 38,8 nunol) was added and the mjxtiire was stiired for one hour 
at a temperature of lOO^C. The mixture was cooled to ambient temperature then 
water (100 ml) was added and the mixtiLre was extracted with ethyl acetate (3 x 25 
ml). The combined organic extracts were washed with saturated aqueous sodium 
30 bicarbonate (3 x 25 mi) and then hxim. The organic solution was dried over 
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magnesium sulfate filtered and the filtrate evaporated under reduced pressure to give 
a residue. Purification of the material by flash chromatography on silica gel using 
hqptane/ethy! acetate (6:4) as aa eluent yielded 5-bromo-2-methoxyamiine (2.0 g); 
'H NMR{DMSO-i/s, 400MHz) 6,76 (s, IH), 6.71 (d, IK), 6,61 (d, IH), 4.99 (bs, 
5 2H), 3.74 (s, 3H); (TLC (heptane/ethyl acetate 1 : 1 ) Rf 0.5; RP-HPLC (Hypersil 
HyPurity Elite Ci8, 5 m, 200A, 250 x 4.6 mm; 25-100% acetonitrile-O.I M 
ammonium acetate over 25 min, Imi/min ) tr===13.33 min.; MS; MH* 443. 

b) wj-f-bufyl iV-(5-bromo-2-methox>'pheny1)carbamate (2) 

1 0 A mixture of 5-bromo-2-metiioxyamIine (1 .50 g, 7.43 mmol), and di-teri- 

butyl dicarbonate {1.95 g, 8.91 mmol) in THF {20 ml) was heated at reflux for 20 
hours. The mixture was cooled to ambient temperature and then the soivcsit was 
removed under reduced pressure. The resulting oil was purified by Sash 
chromatography on silica gel using ethyl acetate/heptane (1:9) as an eluent to yield 

1 5 fer/-butyl A''-(5-bromo-2-methoxyphenyl)carbamate (2, 1 9g) as a colorless oil : *H 
NMR {DMSO-4 400MH?.) S 8.05 (s, IH), 7-93 (d, IB), 7,16 (d, IH), 6.95 (d, IH), 
3.8 (s, IH), 1 .47 (s, 9H); TLC (ethyl acetate / heptane 2:8) Rf 0.4; RP-HPLC 
(Hypersil HyPurity Elite CI S, 5 fim, 200A, 250 x 4.6 mm; 25-100% acetomtrile-O.] 
M ammonium acetate over 25 min, Iml/min ) t~21.8 rain. 

20 

c) teri-hntyl iV-[2-methoxy-5-(4,4,5,5-fer?am^y!4 ,3,2-dioxaborol3n-2- 
yl)phenyi]carbamate (3) 

A mixture ofteri-imtyl iV-(5-bromo-2-methoxyphsnyl)carbamate (1 .10 g, 
3.64 mmol) ,diboron pinacol ester (1 . 1 1 g, 4,37 mmol), [LV- 

25 bis(diphcRy}phosphino)f«3Tocene3djcMoropalladiom (IT) complex witli 

dichloromethane (1:1) (0.09g, 0,1 1 moi) and potassium acetate (1.07 g, 10.9 mol) in 
iV,A'-dimethylfbn«amide (20 mL) was heafed at 80' C under an atmcsphere of 
nitrogen for 16 hours. The mixture was aiiowed to coo! to ambient temperature and 
the solvent removed tmder reduced pressure. Dichloromethane (20 mL) was added 

30 to tlie residue and the resulting solid was removed by filtration through a pad of 

celite. The filtrate wiis concentrated to leave a yellow oil which was purified by flash 



wo 00/17202 



PCT/OS99/21536 



-154- 

chromato^phy on silica using ethyl acetate/ Keptane (2:8) as mobile phase to yield 
/*?rf-b«tylA-[2~methoxy-5-(4,4,5,54etram^hyi43,2-4ioxal>orolan-^ 
yl)phenyijcarbamate (0.96 g): 'H NMR (UMSO-d,, mUEz) S 8.03 (s, IH), 7.86 
(s, IH) , 7.35 (4 IH), 7,0 (d, I H), 3.82 (s, 3H), 1.46 (s, m% 1.28 (s, 12H); TLC 
5 (ethyl acetate / heptane 2:8) R^- 0.35; RP-HPLC (H>'{>ersil HyPm-ify Elite CI 8, 5 
\xm, 200A, 250 x 4.6 mm, 25-100% acetonitrile-0. 1 M ammonium acetate over 25 
min, Iml/min ) t,=22.8 min 

d) tert-hvxy^ N-(5-(chIoro-7~cyclopentyl- 7//-pyrroio[2,3-</|pyriraidin-5-yl)-2- 
10 methoxyphenyl)carbamate (4) 

A mixture of 4-ch!oK>-7H;yc1opeMyl-5-iodo-7//-fiymib[2>%yrirmditie 
(0.35 g, l.OramoI), fe?t-butyl A42.methoxy-5-(4A5, 5-tetrametliyi- 1,3,2- 
dioxaboiolan-2-yi)phenyl3carbamate (0.524 g, 1.5 mmol), 
tetraki8{triphenylphospbine)paUaaium (0.07 g, 0,06 mmol) and sodium carbonate 

1 5 (0.265 g, 2 ,5 Hunol) was heated in a mixture of ethylene ^ycol dimethyl ether (10 
mL) aiid water (5 mL) at 80* C for 18 hours under an atmosphere of nitrogen. The 
mixture was allowed to cool to ambient temperature and solvents were removed 
under reduced pressure. The residue was partitioned between water (1 5mL) and 
ethyl acetate (25 ml), the organic layer separated asid the aqueous layer further 

20 extracted with ethyl acetate (2 x 25 ml). Tlve combined organic extracts were 

washed with water (3 x 20 ml) then dried over magnesium sulfate, filtered and tiie 
filtrate concentrated to an otiy residue under reduced pressure. The material was 
purified by flash column chromatography on silica using heptane/ethyl acetate (5:1) 
as an eluent to give tert-huXyi ]>j-(5-(cMoro-7-cyclopcntyl-7/f-pyTroio[2,3- 

25 fiOpyrimidio-.5-yl>2-m.ethoxyphenyl)carbamate (0.325 g); 'H NMR (DMSO-^/^, 

400MH2:) S 8.64 (s, IH), 7,93 (s, IH), 7,87 (m, 2H), 7.17 (d, lil), 7.06 (d, IH), 5.21 
(m, IH), 3.86 (s, 3H), 1.65-2.25 (m, 8H), 1.45 (s, 9H); RP~HPLC (Hj'persi! 
HyPurity Elite CIS, 5 pm, 200A, 250 x 4.6 mm; 25-100% acetonitrile-OJ M 
ammonium acetate over 25 min, Iml/min ) 1^=24.25 min. MS: MH' 443- 

30 

e) 5-(3-ammo-4-methoxyphsnyl)-7-cyGiopentyl-7H-pyrroio[2,3-<^]pynmidin-4- 
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amine 

A solution of tert-hvityl iV-{5-(chloro-7-cyciopen£yl-OT-pyTrolo[2,3- 
tflpyrimidiii-5-yl)-2-rnethoxyphenyI)carbamate (0,325 g, 0.733 minol) in 
dichioromethane (14 mi) was cooled to then treated with trifluoioacetic acid (1.4 
5 ml). The solution was stiired at 0*C for 5 min ih&a warmed to ambient temperature 
and stirred for a further 1 6 hows. Hie solvents were evaporated under reduced 
pressure then the residue was partitioned betvveem dichloromethaiie (30 ml) and 
saturated aqueous sodium hicarbonate (10 ml). The organic solution was dried over 
magnesium sulfate, filtered and the filtrate evaporated under reduced pressure to a 

10 foam. The materia! was then dissolved in dioxane (4 ml) and concentrated (28-30%) 
ammonium hydroxide (4 mi) and the resulting sohition was heated at 120''C in a 
sealed pressure tube for 20 honrs. The solvents were evaporated and the residue was 
purified by preparative CI 8 RP-HPLC to give, after iyophilization 5-(3-amino-4- 
methoxyphenyI)-7-cyclopent>d-7i/-pyrroloI23~t(lpyrimidin~4~ai^ (85 mg); 'H 

15 NMR {TMSO-d^, 400MHz) ^ 8.10 (sJH), 7.21 (s. IH), 6.87 (d, iH), 6.74 (s4H), 
6.58 (d, 111), 5.06 (iH, m), 4.87 (bs,-2H), 3.S (s, 3B), 1.6-2.2 {m, 8H); RP-HPLC 
(Hypersil HyFurity .Bhte CIS, 5 jim, 200A, 250 x 4,6 nun; 25-100% acetonitrile-0.1 
M ammonium acetate over 25 min, Iml/min ) t~l 1 .87 min.; MS: MH* 324. 

20 f) benzyl N- [ 5~(4-amino-7-cyclopenty1- 7//'-pyTrolo[2,3-<i]pyrimidin-5-yl)-2- 
methoxyphenyl]earbamate 

A solution of 5-(3-amino-4~methoxyphenyl)-7-cycjopentyl-7K-pyrroio[2,3- 
<|pyrimidin-4-amine (40 mg, 0.124 mmol) in dichlorometliane (1 mi) and pyridine 
(1 ml) was cooled to O^C and then treated with b^izyl chloroformate (32 mg, 0,186 

25 mmoi) while maintaining a temperature of less than 5*C. The solution was stirred 
for another 1 hour at OT then the solvents were removed under reduced pressure. 
Purifjcation by preparative C-1 8 RP-IIPLC then lyopliiiization provided benzyl N- 
[5-(4-aniino-7~cyclopentyl-7//-pyrro1o[2,3-<'/]p>Timidin.-5-yI)-2- 
inethoxyphenyijcarbaixaate (25 mg) as a white powder: N?vfR (DMS0-4.> 

30 400MHz) S 8.75 (s, IH), 8.1 i (s, IH), 7.75 <s, IK), 7.1-7.4 (ra, 8H), 6.2 (bs, 2H), 
5.15 (s, 2H), 5.07 (m, IH), 3.8 (s 3H), 1.6-2.2 (m, 8H), RP-HPLC (.Hypersil 
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HyPurity Elite CIS, 5 iim, 200 A, 250 x 4.6 mm; 25-100% acetonitriie-0.1 M 
ammcmiam acetate over 25 mia, Iml/min ) ty==18.63 min,; MS: MH* 458. 

Example 177: 

5 BeBzy1i^-[5-(4-amiiro-7-cyciopaityi-7i/-pym)lo[23-<<0py^^ 

pyridyljcarbamate 

a) reri-hntyl N~{5 .broTO0-2-p;viidyi)carbamate 

The compound was prepared from 5-bromo-2-pyridinainine in the manner 
10 described for compound (2): KMR (DMSO-</^ 400Mfe) 9.96 (s, IH), 8.49 (d, 
IH), 7.93 (dd, IH), 7.78 (d, IH), 1.47 (s» 9H); TLC (ethyl acetate .^heptane 5:95) 
0.28; RI'.HPLC {HypeisU HyPurity EUte CIS, § ^m, 200A, 250 x 4.6 mm; 25-100% 
acdionitrile-O.l M ammonium acetate ovcar 25 mii», Iml/min ) t«18.50 min. 

1 5 h) tof-batyl iV-[5-( 1 , 1 ,1 -trimetliyIstannyl)-2-pyridyl)carbamatc 

A mixture of ferf-butyl A'-(5-bromo-2-pyridyl)carbaiiiate {1.67 g, 6.12 
mrrjol), hsxamethylditin (2.0 g, 6.12 mmol) and 

tetr3kis(tripheny]piTosphine)pa1!adium (0,424 g, 0.36? mmol) in ethylene giycoi 
dimethyl etiier (30 ml) was heated at 80**C imdcT an atmosphere of nitrogen for 15 

20 hours. The mixtwe was cooled to ambient temperature and then the solvent was 
removed under reduced pressure. The resulting material was puriiied by flash 
chromatography on silica gel using heptane/ethyl acetate (95:5) as aa eluent to yield 
fer/-biityl A^-[5-(l,l,l-trimethylstaaiiyl)-2-pyridyl)c«bamate (LU g): 'H NMR 
(DMSO-4 4001VIH2) S 9.98 (s,m), 8.2 (t, IH), 7,74 (m, 2H), 1 .47 (s, 9H), 0.30 (t, 

25 9H); TLC (heptane/ethyl acetate 95:5) Rj. 0.2; MS: MH' 359. 

c) ter/-butyl A'-(5-(4-chloro-7'Cyciopentyl-7ii/-pynx>lo[23-fi^Jpyrintidin-5-yi)^ 
pyridyl]carbamate 

A mixture of4-cMoro-7«cyclopentyi-54odo-7//-pynolo[2,3-^JpyriTmdijK(025 
g, 0.72 mmoi), fer^-buty! ^-[5^:l J4-trimethy!stannyt)-2-pyridyl)carbmiate (0.386 g, 
30 1.08 nimol), tm'as(dibenzylideijeacetone)dipaHadium(0) (0,033 g, 0.076 mmol) and 
triphenylai^iiie (0,055 g, 0.18 mmol) in iy^A-f/jmethylfonnamide (8 ml) was heated at 
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6S*C under an ^osphere of nitrogen for 18 hours. Hie mixtoe was cooled to ambient 
tempemture and thoa the solvent was removed under reduced pressure. The resulting 
material was purified by chromatography on sUica gel using heptaae'ethyl acetate 
(75:25) as an eluent to yieM tert-hntyl A'-[5-(4-chioro-7-cyclopentyI-7^/"-pym>to[2,3- 

5 t/jpyrimiditi-S-yO-a-pvTidyllcarbaraate (0.13 g): 'H NMR {DMSO-4 400MHz) cf 9.83 
(s, ll-i), 8.68 (s, 1 H), 8.40 fd, IH), S.02 (s, HI), 7.85-7.93 (m, 2H), 5.21 (m, IH), 1.65- 
2.25 (m, 8H), 1.49 (s, 9H); TLC (heptane/ethyl acetate 8:2) Rf 0.18; RP-HPLC 
(Hypersil HyFimty Elite CI 8, 5 fxm> 200A, 250 x 4.6 mm; 25-100% acetomtrile-0.1 M 
ammonium acetate over 25 min, Iml/min ) t^~21 .68 min. 

10 

d) 5-(4-chloK>-7-cycIopentyl~7//~pyrrolo[23-iflpyriniidin-5-yl)-2-pyridinanii.ne 

A solution of fm-butyl //-[M'^**'h3<5ro-7-cydopentyl-7iy-pyiToio[2,3- 
</|pyiimidin-5-yl)-2-pyiidyl]carbamate (0.13 g, 0,315 mmol) in dichioromethane 
(5.5 rnl) was cooled to 0"C then treated witfi trifluoroacetio acid (0,6 mi). The 

1 5 solution was stirred at 0°C for 5 minutes then wanned to ambient temperature and 
stirred for a fiirther 18 houi^. The solvents wens evaporated under reduced pressure 
then the residue was partitioned between dicMoromethane (30 ml) and saturated 
aqueous sodium bicarbonate (10 ml). The organic solution was dried over 
magnesium sulfate filtered and the filtrate evaporated under reduced pressure to give 

20 5-(4~chioro-7-cyclopenty I- 7//-p5Troio[2,3 -</]pyrimidin-5-yl)-2-pyridinamins (92 
mg): m>-HPLC (H^pcrsil Hyl»urity Elite CIS, 5 m> 200A, 250 x 4.6 mm; 25-100% 
acetonitriie-O.l M ammonium acetate over 25 min, Iml/min ) t -10.73 min; MS: 
Mi r 314. 

25 c) 5-(6-amino-3-pyridyI)-7-cyclopetttyl- 7fir-pyiirolo[2,3-f/|pyriinidin-4-arajne 
Tlie5-(4-chloro-7-cyc!opentyl-7//-pyTrolo[2,3-(/ipyrimidin-5-yl)-2- 
pyridinamine (92 mg, 0.291 mmol) was dissolved in dioxane (2 ml) and 
concentrated (2S-30%) aimnoniuin hydroxide (2 mi) and the resulting solution was 
heated at 120"C in a sealed pressure tube for 24 hours. The solvents were evaporated 

30 to give 5-(6-mnino-3-pyridyl)-7-cyclopentyl-7/^pyiTOloj;2,3-*f}pyrirnidin-4-^^^^ 
(lOS mg): RP-HPLC (Hypersil HyPurit>' Elite C18, 5 ^im, 200A, 250 x 4.6 mm; 25- 
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100% acetonitriie-O.l M anrnionium acetate over 25 min, Imymin ) i~633 min.; 
MS:MH*295. 

f) A?'-[5-(4-amino~7-cyciopmtyl- 7!f/'-pvTrolo[23-£/]pyriimdm-5-yl>2- 
5 pyridyi3carbaiaate 

A solution, of S-(6-amiiio-3-p>Tidy1)-7-cycJope.ntyi-7//-pyrrok){2,3~ 
('(|pyrimidin~4~amme (105 mg, 0.29 mmoi) in dichloromethane (1.5 ml) and pyridine 
(1 .5 ml) was cooled to OX. and then treated with benzyl chloroformate (75mg, 0.44 
mmol) while maintaining a temperature of less than S"C. The solution was wanned 

10 to ambient temperature tiien stirred for 3 hours. Ben2yi chlorofomtate (75mg, 0,44 
mmoi) was added and the mixture stirred for 18 hours, additional benzyl 
chloroformate (75 mg, 0.44 mmol) added and the mixture stirred for anotfaar 24 
hours. Benzyl chiorofbrmate (150 mg, O.SS mmol) and pjTidine (1 ml) were added 
and the mixture stirred for another 24 hours. The solvente were evaporated under 

1 5 reduced pressure then the residue was parti ttoned between ethyl acetate (25 ml) and 
water (10 ml). The organic solution was dried av&c magnesium suifatCt filtered and 
the filtrate evaporated under reduced pressure to give a residue. Purification by 
preparative C-18 RP-HPLC then trituration vvitii diethyl ether provided A-[5-(4- 
amino-7-cyclopent>i-7if-pyrrolo[2,3--</]pyrimidin-5-yl)-2-pyridyOcarbamate (21 mg) 

20 as a wMtc powder: NMR (DMS0-<4, 400Mi-lz) 10.33 (s, IH), 8.36 (d, IH), 
8.14 (s, IH), 7,91 (d, IH), 7.84 (d, IH), 7.33-7.47 (m, 6H), 6.1 1 (bs, 211), 5.2 (s, 
2H), 5.06 (m, IH), 1.6-2.2 (m, 8H); RP-HPLC (Flypersii HyPurity Elite CIS, 5 ^m. 
200A, 250 X 4.6 mm; 25-100% acetonitriie-O.l M ammonium acetate over 25 min, 
lml/min)t,-l 6.22 min; MS;MH*429. 

25 

Example 178: 

BeiizyLV-i4-(4-amino-7<yclopentyl-7J?-pyrroio[23~i£^3pyrimidin-5-yl)-3- 

methoxyphenyl]carbamai6 

30 a) 4-bromo-3-methoxyaniime 

A mixture of l-bromo-2-m.etliDxy-4-mtrobenzene (3.0 g, 12.9 mmol) and glacial 
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acetic add (25 mi) was heated at lOO'C uuder an. atmosphere of nitrogen. Iron powder 
(2.2 g, 38,8 rnmol) was added and the mixture was stirred for one hour at a temperatm* 
of IO(f C. The mixture was cooled to ambient temperatui-e, water (100 ml) was added 
and the mixture was then extracted with ethyl acetate (3 x 25 ml). The combined 
5 organic extracts w^e washed with saturated aqueous sodium bicarbonate (3 x 25 ml) 
and then brine. The orgajik solution was dried over magnesium sulfete filtered and the 
filtrate evaporated under redisced presstire to give a t«sidue. Purification of the material 
by flash chromatography on silica gel using heptane/ethyl acetate (6:4) as an eluent 
yielded 4-bromQ-3-methoxyaniiine (1.22 g): 'H NMR (DMSO-^, 400jV(Hz) J 7.1 (d, 
10 IH), 6.31 (s, IH), 6.1 (d, IH), 5,27 (bs, 2H), 3.72 (s, 3H); TLC (heptane/ethyl acetate 
1 : 1) Rj. 0,33; RP-HPLC (Hypersil HyPiirity Elite CIS, 5 ^.im, 200A, 250 x 4.6 mm; 25- 
100% acetonitrile-O.l M ammonium acetate over 25 min, Imi/min ) t ~1 1 ,05 min, 

b) tert-hntyl //-(4-bromo-3-methoxyphenyl)carbamate 

1 5 The compound was prepared from 4-bromo-3-methoxyaniline in the manner 

described for compound (2): NMR (DMSO-^., 400MHe) 9,46 (s, IH), 7.4 (d, 
IK), 7.35 (s, IH), 6.95 (d, IH), 3.78 (s. 3H), 1.48 (s, 9H); TLC (heptane/ethyl 
acetate 8:2) R,0.37; RP-HPLC (IJyper.si! HyPurity Elite CIS, 5 pni, 200A, 250 x 4.6 
mm; 25-lOOyo acetonitriie-0.1 M aramomum acetate over 25 nxiix, ImVtmn ) 
20 t "18.60 mift. 

c) tert-bmyl ^'-[3-methoxy-4-(4,4,5,5-tetramethyl-^ ,3,2-c?ioxaborolan-2- 
yl)phenyl]carbamate 

The compound was prepared from tert-bvityl iV-(4-b«3mo-3- 

25 methoxyphenyl)carbamate in the maimer described for compound (3): 'H NMR 
{DMSO<, 400MHz) S 9.44 (s, IE), 7,41 (d, IH), 7.17 (s, IH), 7.01 (d, IH), 3.68 
(s, 3H), 1,48 (s, 9H), 1.24 {s, 12 H); TLC (hcptan&'ethyi acetate 8:2) R,. 0.28; RP- 
HPLC (HypersU HyPurity EUte Ci8, 5 ixm, 200A, 250 x 4.6 mm; 25-100% 
acetonitriie-O.l M ammonium acetate over 25 min, Iml/min ) 1^=18,83 min. 



d) mr^botyiN-[4-(4-(cWoro-7-cyc1opemyi-7/f-p>wolo[2,3-i/ipyrimidin-5-^^^^ 
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methoxyphenyl)carbamate 

The compound was prepared from ?<?rf-butyi jiV-|3-methoxy-4 -(4 ,4,5,5- 
teti^ethyI-1 ,3.2-dioxaborolaR-2-yl)phsnyl]carbainate and 4-chloKS-7-cyclopenty!- 
54odo-7i7-pyrrolo[23"<snpy™«i^uie in the manner described for compound (4): 'TI 
5 NMR (DMSO-J,, 4(>f>Mi{?) 9 4] (s, IH)^ 8 s H) " ^s. lil). , 33 <s. iH). 
7 15(d. IH), -04fd. IH), 5 17^p- IHi ^'^ti- 1 '.-2 2 (jm, IH), 1 49 {«, QU), 
RP-HPLC (Hsqiersil HyPiirity Elite c ' Lr > 25o x 4 1 m i, 25-100% 
acetomtrile-O.i M ammonium acetate over 25 min, ImUmin ) t~21.22 min; MS: 
MH*443. 

10 

e) benzyl iN^[4-(4-aiiiino-7-cyclopentyl-7H~pyrrolo[23-^pyrimidin-5-y!)-3-- 
methoxyphenyI]carbamate 

The compound prepared from fert-butyl N-[4-(4-<chIoro-7-cyciopetttyl- 
7H-pyrroio[2,3-if]pyrimidm-5-yl)~3"methoxyphenyI)carbanjate in the manner 
1 5 described for conversion of compound (4) into compound (6); 'H NMR (DMSO-i/^, 
400MHz) cS 9.87 (s, HI), 8.08 (s, lil), 7.34-7.45 (m, 6H), 7.09-7,18 (m, 3H), 5,79 
(bs, 211), 5.18 (s, 2HX 5.04 (m, 1 B), 3.7 (s, 3H), 1 ,6-2.2 (m, 8H); RP-HPLC 
(Hypersil HyPiirity Elite C18, 5 jim, 200A, 250 x 4.6 ram; 25-100% acetomtrile-O.l 
M ammomum acetate over 25 min, Imymin ) 1^-16.87 miii; MS: MH* 45S. 



Example 179: 

Benzyl Af-[4-{4-ainino-7-cyc1opentyI- 7jfjr-pyrrolo[2,3-fi(jpyttmidin-5-yl)~2- 
25 fluorophenyijcarbamate 

a) 4-[ {[7-cyclope.nt>i-5-(4,4,5,5-tetramethyi- 1 ,3,2-dioxaborolan-2-yl)-7J?- 
p>Tiolo:[2,3-c/Jpyrimidii^4-yi]ainino}(2,4-djniethoxyphenyl)metliyIJphen^ 

Rink amide resin |4-(2%4'-4imeihoxyphenyl-F'moG-amiTiomelbyl)-pheTioxy 
30 resin with a loading of 0.66 mmol/g] (6.55g, 4.32 ramoi) was deprotected by 
willing with A'A^-dimethylformamide (2 x 2 min), 20% piperidine in N.N' 
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diinetbylformamide (I x Smm, i x 15 min), A^jV-dimethylformamide {5x2 min), 
dichloromethane <3 x 2 min), and then methanol (3x2 min). The resin was dried at 
a temperature of 40'C under reduced pressure. The deprotected resin, 4-chioro-7- 
cycbpentyl-5-iodo~7iy~pyrro]o[2,3-<f]pyriinidine (I. SO 5.19 tmnoi), 
5 dimethylsdfoxide (100 nil), and MiV-diisopropyiethyiamine (4,5 ml) were heated at 
lOO'C for 3 days, cooied to anibient temperature and then the resin was collected by 
fiiti'ation and washed with AvV-dimethylformatnide. The resin was then stirred for 
30 min with acetic acid (0.13g, 2.16 mmoi), 0-ben2.otMazoM-ykV,MA'",A"- 
tetraiTi ethyl uronium tetrafluoroborate (0.69g, 2.16 mmoi), N,N~ 

10 diisopropylethylamine (0,S6g, 4,32mmol) and jY,iV-dimethyiformamide (30 ml). 
The resin was collected by fihration and washed withiV,A'~dimethylformamide, 
dichloromethane and methanoL The resin was dried to a constant weight (6.25 g) 
under reduced presstire. The resin, diboron piaacol ester (L U g, 4.37 mmol), 
potassium acetate (0,822g, 8,39 mmoi) and tetrakis(triphenylphosphine)palladium 

15 (0.24 g, 0.21 mmol) in dimethylsuifoxide (125 mi) was heated at 85*C under an 
atmosphere of nitrogen for 17 hours. The r^in was collected by filtration then 
washed with A?,iV-dimethylformamide, dichloromethane, ethyl acetate then ether. 
The resin was dried under reduced pressure to a weight of 5.49 grams, 

20 

b) Benzyl A^-[4K4-amino-7-cyclopentyl- 7//-pyrro]o[23-c(!pwimidin-5-yi)-2- 
fitjorophenyijcaihaniate 

A mixture of 4-[ { [7~cyclopen.tyl-5-(4,4,5,5-tetramethyl- 1 ,3,2-<ifioxaborolan~ 
2-yl)-7//-pyrrolo[2,3-<i]pyfimidin-4-yl}amino}<2,4- 

25 dimethoxyphenyl)methyl]phenoxy resin (0.5g, 0.254 mmol), 4~bromo-2- 

fluoroaniline (0,484g, 2,54 mmol), {etns3cis(tiiphenyiphosphine^alladiuKi (0,044g, 
0.038 mmol), 2 M aqueous potassium phosphate (L27 ml, 2.54 mmol) and 
dimethyisulfoxide (10 mi) was heated at 85''C for 1 8 hours. The mixture was cooled 
and the resin coliected by filtratiott then washed with A'^/V-dimethylformamide aad 

30 dichloromethane. The resin was then subjected to fee coiipling conditions described 
above a second time. The resin was suspended in dichloromethane (2 ml) mid 
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pyridine (2 ml) then the mixUire was cooled to 0*C and treated with benzyl 
chloroformate (0.44 g, 2.6 mmol). After stitiing at O^C for one hour the rmxture was 
allowed to warm to amhient tempsrature for 18 hours. The resin was collected by 
filtTation then treated with 5% trifluoroacetic acid in dichloromethane {10 ml) for 30 
5 minutes. Removal of the resitj by filtration yielded a filtrate which was evaporated 
under reduced pressure to yield a residue which was purified by preparative C-18 
RP-IiPLC to give benzyl ;¥-[4-{4-ami.tio~7~cyc.}ope.ntyi-7//-pyiTolo[2,3'£50pyriniidin- 
5-yI}-2-flitorophenYl]carbamate (-10 mg): i<P-HPLC (Hypersil HS CIS, 5 fim, 
lOOA, 250 X 4.6 mm; 25-100% acetonitrjle-OJ. M anunonium acetate over lOmin, 
10 Iml'min ) t ~U .47 min; MS; MH' 446. 

Example 180: 

Benzyl A'-[4-{4-atnino-7-cyclopenty1-7i?-pyn-olo[23-<i]pyritnidi»-5-yi)^^^^ 

(trii-1uoromethyl)phenyl]carbamate 

15 This compotind was prepared in the same manner as described for PH 

454098: RP-IIPLC (Il>per5il HS CI 8, 5 }im, lOOA, 250 x 4.6 mm; 25-100% 
acetonitrile-O.l M ammoniom acetate over lOmiti, I ml/nun ) 1^=12.07 min; MS: 
MHM96. 

20 Example 181: 

Benzyl iV'-[4-{4-amino-7-cyciopentyi-7J^-p>TTolo[23-<flpyriinidm 
cyanophenyljcarbamate 

This compound was prsgjared in the same manner as described for PH 
454098: RP-HPLC (Hypersil HS CI S, 5 jim, lOOA, 250 x 4.6 mm; 25-100% 
25 acetonitriie-0.1 M anmionium acetate over lOmin, Imi/min ) i~\Q33 min; MS: 
MH^ 453. 

Example 182: 

Methyl 5-(4-aiuico-7-^;yclopentyl- 7//-pyrroIo[2 J- J]p vrimidin-5 -yl)-2- 
30 { [(benzyioxy)carbonyl]anvino) benzoate 
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This compound was prepared in the same manner as described for PH 
454098: RP-iiPLC Qrlypetsil HS C18, 5 ^im, lOOA, 250 x 4.6 nam; 25-100% 
acetoniiriie-O.l M ammonium acetate over iOmin, iml/min ) t,=«^l3,28 min; MS: 
MHM86. 

5 

Example 183: 

Benzyl 7V-[4-(4-amino-7<yctopcntyi-7//-pyrrolo[23-i%yrimi 
rocthylphenyljcarbamate 

This compound was prepared m the same manner as described for PH 
10 454098: RP-HPLC (Hypersii HS CIS, 5 fxm, 1 OOA, 250 x 4.6 mm; 25-1 00% 
aeetouitrile-O.i M ammomiim acetate over lOmin, Iml/mm ) t^^^^l 1.25 min; MS: 
Mir 442. 

Example 184: 

1 5 Beiizyl A-[4-(4-ammo~7-cydopeirtyi*Zfi?-p\TTo1ot2,3-i/|pyrimidm-5- 
yOphenyljcaibamate 

This compound was prepared in the same maimer as described for PH 
454098: RP-HPLC (Hj-persil HS CIS, 5 ^m, lOOA, 250 x 4.6 mm; 25-100% 
acetonitriie-O-l M ammonium acetate over lOmin, Iml/min ) t-^l 1 .27 min: MS: 
20 MH"428, 

Example 185: 

A44-(4-Amino-7-cyclope«tyI-7//-pyrn)Io(23-i/jpyrinudin-5-yl)-2- 
methoxyphenyljphenylmethanesulfonamidc 

25 5-(4-Aniino-3-niethoxyi}henyi)-7<yclopentyl-7//-pynx>!o[23-<iJpyri^ 

amine (27 mg, 0.083 mmol) was dissolved in didilotomethane (0,8 mL), Pyridine 
(0,8 mL) was added followed by phenylmethanesulfonyl chloride (19 mg, 0.105 
mmol). After stirring ovemighi, another 19 nig of pheiiylmethaiiesulfoiiyi chloride 
was added and the reaction mixtiire was stirred overnight. Tlie solvent was removed 

30 and fee residue was purified by preparative thin layer chromatogram ekted with 
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dicMormethans/Methano! (95:5) to giveA-[4'{4-amino~7~cyciopeatyl-7iy- 
pyrrolo[2,3-ifIpyrimidin-5-yI>2-meUioxyphenyl]phsn>4^^ 
0.01S8 mmoi). IH NMR (DMSO^,) 8 1.89 (m, 6H), 2.28 (m, 2H), 3.85 (s, 311), 
4.38 (s, 2H), 5.23 (m, 3H), 6.08 (bs, IH), 6.99 (m, 2H), 7.27, (m, 2H), 7.33 (ra, 3H), 
5 7.58 {d, J-8.17 Hz, HI), 8.34 {s, HI). LC/MS Mir-478 

Example 1 86: 

A'I-f4-(4-Ammo-7-cyclopenty1-7//-pyTrolo[2,3-f/]pyriiii!din-5-yl)-2- 
me&oxypheiiyl]~2~ph8nylacetaxnide 

!0 5-(4-Amino-3-ffiethoxyphe3ayl)-7-cydopeiityI-7//-pyrrolo[23-<(]pyrIm^ 
aniine <28mg, 0.086 mmoi) was dissolved in dichloromethane (1 ml>). Pyridine (1 
kjL) was added followed by 2-phenylethiaioyl chloride (14 uL, 0. 105 mmoi). After 
stimng overnight, another 14 aL of phenylmethanesulfonyl chloride was added aad 
the feactioii mixture stirred overm^t. The solvent was rsauoved and the residue 

1 5 was purified by preparative thin layer chromatogram eluted with 

dichiormethane/Methanol {95:5) to give An-[4-(4-amino-7-cyc.iopentyl-7//- 
pyTrolo[2,3-<jpwimidin-5-yl)-2-methoxN'phenyl]-2-phenyiacetaraide (7 mg, 0.0158 
mmoi). IH NMR (DMSO-O I ,S9 (m, 6H), 2.25 (m, 2H), 3.77(s, 3E% 3.79 (s,2H), 
5.21 (m, IH), 5.56 (bs, 2H), 6.89 (s, IH), 6.99 (s, IH), 7.05(d, J=8.22, iH), 7.36 (m, 

20 5H), 7,81(s, IH), 8.27 (s, IH), 8.43 (d, J=S.23 Hz. IH). LC^MS MHM42. 

Example 187: 

A'l-[4-{4-Amino-7-cycloperityl-7i/-pyiix)Io[2,3~<#]pyfimidia-5-^^^ 

methoxypheayi]-2-(2-thisnyl)acetamide 
25 5-(4-Amino-3-rnethoxyphmyl)-7-cyciopentyl-7/af-pym>lo[2,3-ff|pyrimi 

amine {31mg, 0.096 mmoi) was dissolved in dichlon^methane (1 mL). Pyridine (1 

mL) was added followed by 2-(2-thienyl)ethai)oyl cMoridc (14 uL, 0,113 mmoi). 

After stirring overnight, another 14 uL of 2-(2-thicny])ethanoy1 chloride was added 

and the reaction mixture was stirred overnight. The solvent was removed and the 
30 residue was parified by preparative thin iayer chromatogram eluted with 

dichiormethane/Methanol (95:5) to give.V!-[4-(4-amitio-7-cydopentyI-7H- 
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Exainpie 182 

5 




10 

Example 186 




Example 187 



15 



General procediire for preparing pyHoiopyrimidta arylsulfonamides: To a 0,225 M 
solution of 5-<4-aiiiino-3~Jliiorophenyl)-7-cyc]openty}-7H~pyrrolo [2,3 -d] p^timidin- 
4-amino in pyridine was added one equivalmt of substituted arylsulfonyi chloride. 
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This mixture wm heated with mixing at 45'' C for 24h. The prodtict was purified 
from the reaction mixture by preparative RP-HPLC (H>persil BDS CIS, (Sora 
packing; 100x2 L2mm) usitig a gradient of 0.05 M, pH 4.5 sKtueous attimoniura 
acetate/acetoniirile (0-1 00% over 12.5 tnin, at 25 lal/niin). 
5 Examples 188-249 were prepared by the general metliod described above. 

The molecular weight as determined by mass speotometry (MH+) and the HPLC 
retention times (RT) in minutes are listed with each example, 



10 Example 188 Example 189 

UE+ 469.9 MH-t- 469.92 

RT 3.03 RT 2.99 



Example 190 Example 191 

MH+ 485,89 MH+ 465.9 

RT 3.12 RT3.!l 



20 
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Example 192 
MH+ 501.97 
RT 3.22 




Exampie 193 
MH-!- 519.88 
RT3.15 




b 

Example 194 
Um- 519.84 
RT 3.19 




Example 195 
MH-i- 561.73 
RT 3.2 
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Example 196 Example 197 

MH4^ 555.77 MH+ 476.89 

RT 3.45 RT 2.S5 




Example 198 
15 MH+ 469.9 

RT 2.92 



Example 199 
MH-!- 496.93 
RT 3.65 
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Example 200 
MH+ 496.94 
RT 3.66 



n 



Example 201 
MH+ 485.87 

RT 3.79 



15 



20 



Example 202 Example 203 

MH+ 496.9 MH+ 487.9 

RT 3.65 RT3.55 
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Example 204 
Me+ 535.9 
RT 3.82 



b 



Example 205 
MH> 530.92 
RT 3.43 



b 



Example 206 
MH+ 54L95 
RT 3,35 



Example 207 
MB^ 465.89 
RT 3.45 
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Example 208 Example 209 

MH+ 602.99 MH+ 503.85 

RT 3.56 RT 3.48 



10 




Example 210 
MH-f 503,88 
20 RT 3.53 



Esasnple 21 1 
MH+ 483.9 
RT 3.47 
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Example 212 Example 213 

ME+ 567,74 ME-^ 577,88 

RT 3.53 RT 3.65 



6 



Exampis 2 1 4 Rxanipk 2 1 5 

MH+ 603.05 MH+ 501.93 

RT 3.4 RT 3.16 
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Example 216 Example 217 

MH+ 564.96 MH+ 577.88 

RT 3.34 RT 3.5 



15 



9H, 



6 



20 



Example 21 8 
MH+ 545.01 
RT 3.5 



Example 219 
K'ffl+ 545.04 
RT 3.58 
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Example 220 
487.9 
RT 3.43 



oT 



Example 221 
MH+ 499.92 
RT 3.46 



10 



15 




Example 222 
I^fflH- 510.88 
RT 3.41 



Exaiiiple 223 
MH+ 505.93 
RT 3.46 
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Example 224 
MH+ 553.96 
RT 3.55 



IX} 



Example 225 
MH+ 587,97 
RT 3.6 



10 




Example 226 Example 227 

MH+ 553.9 MH+ 4S7.9 

RT 3.88 RT 3.6 



25 
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Example 228 
MH+ 587.9 
RT 3.9 



Example 229 
MH+ 545.8 
RT 3.93 



( / F F 



Exanipie 230 
MH+ 615.8 
RT 4.02 



Example 231 
MH-H 487.9 
RT 3.6 
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Example 232 
MH+ 549,8 
RT 3.82 



Example 233 
MIH 533.8 
RT 3.89 



10 



15 



y 



b b 



Exaniple 234 Example 23 5 

MH+ 5 19.9 MHf 555.8 

RT 3,74 RT 3.93 



25 
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Example 236 
MH4- 496 
R.T 3.49 



O; ii 



Example 237 
MH+ 514 
RT 3.92 



10 



15 




20 



Example 238 
M.H+ 519.9 
RT 3.78 



Exampie 239 
]V1H+ 528 
RT 3.84 
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Example 240 
MH-f 502 
RT 3.66 



Example 241 
MH+ 532 
RT 3.85 
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15 Exatnple 242 

MH+ 4.16 
RT 4.16 



Example 243 
MHi- 3.97 
RT 3.97 
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Example 244 
MHf 547.9 
RT 2.72 



Example 245 
MH4- 503 
RT 3.64 
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10 Example 246 



Example 247 





Exanjple 248 



Example 249 



General Synthesis for Examples 250-269 
20 To a 0.225 M solution of 5-(4-ammo-3-methoxyphenyl)-7-c.ycbperttyl-7H- 

pyrrolo [23-d] pyiimidin-4~amine (or 5~(4~amino-3-flaoKiphenyl)~7~cyclopenlyi- 
7H-pyB-olo [2,3-dl pyrimidm~4-amine or 5-(4-amino«3*chjorophaiyI)-7-cyclopentyl- 



wo 00/17262 



-183- 



7H-p>Tro!o [2,3-d] p3mOTidin-4-amine) in pyridiiie was added one equivalent of 
substituted arylstilfonyl cMoiids. This mixture was he-ated with mixing at 45* C for 
24h. The product was purified from tibe reaction mixture by prepanitive C 1 8 RP- 
mVC. Analytical ■K1>-HFLC RT listed in the table wer« obtained on a Hypersii 
5 HyPority Elite CIS column ((5 juntj 200A) 250 x 4.6 mm) iising a linear gradient of 
25-100% acetonitrile/0.1 M ammonium acetate over 25 min at imi/min. 

Note that appropriate protecting group manipulation may be required wheii 
intrtKlucing reactive substituents. 

Compounds 250-269 were prepared by the general method described above, 
10 The moiecular weight as determined by mass speciumetry (MH+) and the HPLC 
retention times (RT) in minutes are listed with each exauiple 




Example 250 
MH+ 47S.1 
RT 13.9 




Example 251 
MH+ 494.1 
RT 15.68 



25 



30 
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Exaiiipie 252 
MH-5- 498,0 
RT15.12 



Exampie 253 
MH+ 514.0 
RT 17.7 





Example 254 
MH+ 464.1 
RT 10.4 



Example 255 

MH+ 480.1 
RT 11.2 

Made from Example 251 
by treatment witii BBr3 in 
Tnethylene chloride. 



25 
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5 ExaiBple 256 

MH+ 482.1 
RT 15.65 




Example 258 
Mm 509.2 
RT 15,8 




Example 257 
MH+ 542.1,544.0 
RT 17.45 




Example 259 
MH+ 557.2 
RT 19.55 



20 
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Example 260 
MH-f 477.1 
RT U.6 

1 0 Made by hydrogenation 

of Example 258 over 
Pd-C 





Example 261 
MH+ 512.0 
RT 17,62 




20 



Example 262 
MH+ 506.0 
RT 9.93 



Exaniple 263 
Mm- 502,0 
RT 18,23 
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Example 264 
MTI+ 502.0 
RT 18.02 



Example 265 
MH-*- 502.0 
RT 17.6 



<b 



Exaiiipie 266 
MH+ 507.1 
RT 32.2 

Made by treating Example 
262wit3iEDC,HOAt. 
MEjNH in DMF. 



Example 267 
MH+ 486.1 
RT 15.68 
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5 



Example 268 
MtB- 4S6.1 
RT 1635 



Example 269 
MH+ 486 J 
RT 167 



10 



Compounds 270 to 282 were synthesized using the following metiiiods. 
Route I 

a) A mixture of the iq)propriate bromoarylsiilphonaniide (0.735 mraol), 

15 bispinacoiatodiborane (0.225 g, 0.S8 nunol), [1.1'- 

bis(diphenylphosphi»o)ferrocene]dichloropalJadium (11) complex with 
dichloK)mcthaiie (1:1) (2 mg, 0.002 mol) and potassium «:etate (0.216 g, 2.205 mol) 
in iV.iV-dimethyiibrmamide (5 mL) was heated at 100" C under an atmosphere of 
nitrogen for 16 hours. The mixture allowed to cool to ambient temperature and 

20 the solvent removed under reduced pressure. Dichloromethanc (20 mL) was added 
to tlie residue and the resulting solid was removed by filtration through a pad of 
celite. The filtrate was concsntfated to leave a yellow oil which was piuificd by flash 
chromatograpiiy on .silica gel to yield the sulphortamido ar>4. borate, 

25 h) A mixture of 4-ch1oro-7-cycJopentyl~54odo-7/f-pyrrolo[23<^|pyrimidine (0.35 
g, 1,0 mmol), fee sulphonamido aryl borate. (1.5 nimol; from 1(a) above), 
tetralds(triphenylphosphine)paliadium (0.07 g, 0.06 mmol) aiid sodium carbonate 
(0,265 g, 2.5 mmol) was heated in a mixture of ethylene glycol dimethyl etiier (10 
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mL) and water (5 mL) at 80° C for 18 hours under an atmosphere of nitrogen. The 
mixttire was allowed to cool to ambient temperature and solvents were removed 
imd&x reduced pressaj-e. The residue was partitioned berweei-! water (1 5mL) and 
ethyi acetate (25 mi), the oarganic layer separated and the aqueous layer fiirtlier 
5 extracted with ethyl acetate (2 x 25 ml). The combined organic extracts were 

w^hed with water (3 x 20 ml) then dried over maptesium sulfate, filtered and the 
filtrate concenJntted to an oily residue under redticed pressare which was purified by 
flash column chromatography on silica gel to alTord the corresponding 
sulfonamidoaryi 4~chloro~pyrroio[2,3 -djpyriraidine. 

10 

c) The 4-chioro-pyn'olo[2,3-d]p>'riimdine (tj'pjcally 10-20 mmoi; from 1(b) above) 
was mixed with dioxane (lOCi ml) and concentrated ammonium hydroxide (100 ml) 
in a pressure vessel. The mixture was heated to l2(fC overnight. Solvent was 
removed and the residue was purified by RP-HPLC to give the desired final 4- 
1 5 amino-pyrrolo[2,3-<i3pyritmdine product. 



Route 2 

a) A mixture of the appropriate bromoanihne (2,4 iiiniol), bispinacolatodiborane 
(0,735 g, 2,88 mmoi), [1.1 '-bis(diphenylphosphino)ferrocene]dichioropaUadium (11) 

20 complex with dichioromethane (1 : 1) (59 mg, 0.072 mol) and potassium acetate 

(0.707 g, 7.205 mol) in /V'A'^dimethylfonnamide (15 mL) was heated at 100^'C under 
m atmosphere of nitrogen for 16 hours. The mixture was allowed to cool to ambient 
temperature and the solvent removed under reduced pressure. Toluene (20 mL) was 
added and the mixture washed with water (2x15 ml). The organic phases were 

25 dried over MgS04(s), concentrated in vacuo, and purified by flash chromatography 
on silica gel to yield the anilino borate, 

1>) A mivtuifi the aniUno borate (1 01 nimol, kom 2('a) above), 4-chlor(.>~7- 
cyck»:x'n{yl-5-iodo-'^H-pyrroIo[2,i-(fjpyrimidinc (0 24 g. n !-'? mmol), 
30 te^taki^tnpheIlyiphosphlne)pa'ladlUl^ ((i 04 g. 0,'i33 niinoli and sodium carbonate 
(0.21 5 g, 2.03 mmol) was healed in a mixture of ethylene glycol dimethyl ether (10 
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mL) asd water (5 mL) at 80** C for 18 hoars under an atmosphere of nitrogen. The 
mixture was allowed to cool to ambient temperature and solvents were removed 
under reduced pressure. The residue was paititioned between water (ISniL) and 
ethyi acetate {25 mi), the organic layer separated and the aqueous layer further 
5 extracted with ethyl acetate {2 x 25 ml). The combined organic extracts wore 
washed with watts' (3 x 20 ml) then dried over magnesium sulfate, filtered. The 
fihrate concentrated to an oily residtie under reduced pressure which was purified by 
flash colunm chromatography on silica gel to give the desired 4-chloro-7- 
cyclopenty1~5~(4-aminophenyl)-7H-pyrrolo[2,3-rfJp5'ritiiidjne. 

10 

c) A mixture of the 4-chioro-7-cyclopeniyl"5-(4-i3niiiiophenyl)- 7/:^pyrrolo[2,3- 
i/Jp>Timidine (0.201 mmol; from 2(b) above), the ar/lsulphonyl chloride (0.402 
mtiioi) and pyridine (1.005 mmoi) in methylene chloride was .stirred at room 
temperature for 16 h. The solvents were removed by filtration and the sulfonamido 

1 5 4-chioro-pyrrolopyriinidine product was purified fay RP-HPLC. 

d) The sulfonamido 4-chioTO-pyrrolo[2,3-d3pyrimidjne (typically 10-20 mmol; from 
2(c) above) was mixed with dioxane (100 ml) and concentrated ammonium 
hydroxide (100 ml) in apressure vessel. The mixture was heated to 120''C 

20 overnight Solvent w^ removed and the residue was purified by RP-HPLC to give 
the desired final sulfonamido 4-amino-pym>io[2,3-d3pyrimidme product. 

Analytical RP-HPLC RT listed in the table were obtained on a Hj'persil HyPurity 
25 Elite CI 8 column ((5 urn, 200A) 250 x 4.6 nnn) using a linear gradient of 25-100% 
acetonitriie/0.1 M ammonium acetate over 25 min at Iml'min, 

Note that appropriate protecting group manipulation may be required when 
introducing reactive substituents. 

30 
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Example 270 Example 271 

MH+ 422.2 MH+ 452 

5 RT 14.03 RT 16,28 



6 6 



Example 272 Example 273 

MH+ 4«S.l MH+ 448.2 

RT 17.12 RT 18.37 
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Example 274 
MH+ 477.1 
RT 20.53 




Example 276 
15 MH+ 476 

RT 13.26 




6 

Example 275 
MH+ 432. i 
RT 18.85 




6 

Example 277 
MH+ 4S8.2 
RT 17.7 



20 
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Example 280 Example 28 1 

MH-f 470.1 MH+ 464.2 

RT 15.08 RT 14.82 



25 



WOOe/17202 



-194- 



5 



10 




Exaraple 282 
MH+ 464,2 
RT 14.15 

15 

The following compounds were also prepared using the general me&od as 
described for Exarapies 1 §8-249. 

20 




25 



Example 283 
MH+ 645.8 
RT 3.66 
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Example 285 
MH-!- 524 
RT 3.52 



15 
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Example 286 
MH+ 516.1 
RT 3.42 




15 



20 
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wo 00/17202 



-198- 



PCT/US99/21536 




15 



20 



wo0O/in&2 



-199- 



vctmsmmm 




Example 293 
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Exampta | STRUCTURE 


HPLC RT 


mm* 


297 


b 


2.23 


455.9 


298 




3.33 


503.92 


299 


6 


3.53 


470,9 

i 


300 


! 0 \ 3.93 


620.05 1 


I i 
301 i ^ S-'S 

. o i 


i 

531,36 j 
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STRUCTURE 


HPtC RT 




1 

i 


302 


Br 

:^ 

6 


3.76 


615.76 


303 




b 


3.43 


534,92 


304 




b 


3.43 


554.93 


305 




1 3,52 


491.85 




3Q6 


i ^ 


i 3J2 


! 

535.3 1 
i 
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exaBtpte| STRUCTURE jHPtCRT 




307 


(J 


4.01 


605,7 


308 


>-> 


2.75 


470 i 


zm 




3.77 


571.7 


310 


! P 
- «-f^ 


3.58 


! 5S8 

j 


\ 0 


i 1 

i 3,46 ! 545.9 
i 
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STRUCTORE SHPtCRT 


MS MHi- 


312 


i 


3.38 


525.8 


313 




5 


3.S7 


5S8 


314 


^0 \ 

b 


3.96 


605 


315 


o 


3.77 


606 

i 


316 


1 ^ 


j i 

J 3.34 1 591 

i i 

i 1 


317 


i 




; 3.69 

1 


i 

582 
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STRUCTURE ^ 


jplcrtI msmh*- 




1 

318 


4 

c 




3,72 


566,7 


319 1 


\ 
i 




3.37 


509.9 


320 


A 






4S4 


321 


1 

1 

'o 




3.24 


1 

4S3.1 


322 




i?^ 1 ■■■ 

h 


\ 528.1 

1 
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We ciaixii: 



■L (CH2) 
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a™lphamia«*ically««l'<*l«aU.thereof,wh«ta: 

Ring A fa a six mmM aromatic ring or . five or si. mcmb«d 
ta,c«««««ti= ringwhich i. opaonally substituted with on. or mor. 
suWtu««»«l=o.edftomtag«»I.co™is.i,.gofasubsttt..edor 

ap„,«lic group, «.bsttt>«od or ««b«iu«ed h««.aromaUc grotv. 
«,bstit,t.edorut>«.tadta.cdcyolo*y!,suWi<«'=d<>'™»'»«"^ 
tetcrocvcloalkyl. substituted or un«>bs.itu<ed mWt^dor 
u„substitu.cdbetcroa,alkyl.cyaB0.>.itm,-NRA.-aO)^,-OH,a 

.„bst«edoru_nsubsti.u.ed..tayca*o,.y..-aOVWU-^^^ 
„.^*st.,utcd aBcylthio ..ber, a substituted or ,.n.«bs.i»«edalkyls.Ufox,d^ 
asubai.u.edoruns*s.i.utedalMsulfoBe.asubsti.u,edorunsuW«««l 
a„.«l,io«her.asubsti.utedorunsubstitu,edaryWtoxid=,asubst,«edor 

^b^itutcd arylaulfimo. a subsUtuted or unsubs.totcd alltyl earbouyl. - 
aOVhaloaikyl. a substituted or unsubstituted aliphatic ethcr, a substitutet. or 
unsubstimtM aromatic e.her.asub«imtedorunsutatitu.edca,boxamtdo, 

te(ra«>tv<, ,rtnuo.omethylsul,*o„amid«, trifluorom.H^'loarbonylatttmo, a 



PCT/US99/2t536 



.ubslitated or unsubstitatcd alk>wU ^ ^^^^^^^^ unsubstituted alkyl 
or alMcarboxamido; a substituted or «ns«bstituted 3r>'l anBdo or 
arylcarboxanudo, as«bstit«tedor.nsufastimted s^^^^ 
unsubstituted araikyl mwdo or aralkykajboxamido; 

iJs-os-ss-S(0)s-s(ov;-^W;-N(C(ow^^^ 

-CHPs -CH.SS -CH,K(RK ~CHmR)-;.caN(C(0)R»S -CH,N(C(0)OR)- 

■.m,mo.m -cumm -chcnhccor)-; -chcnhso.r)-; - 

CH(NHC(O)0R)s-CH(0C(0)R>-;-CH(0C(0)KHR)-; -CH-CH-; - 
Ci-mm -CCO)-; -CH(ORH-C(0)N(R)s -N(R)C(0)s -N(R)S(0)s- 

S(0),N(R)-; K(C(O)R)S(0)-; N{C{0)R)S{0),s .K<R)S(0)N(R)-; - 
N{R)S(0>N(R)-; 

-aO>N(R)C(0)s-S(0)N(R)W^^ 

OS(LW)-; -N(R)S(0)0-; .N(R)S(0),O-; .N(R)S(0)C(0).; - 
N(mS(0)X(0)s .-SON(C(0)RK, -SO.N(C(0)R>; -N(R)SON(R)-; - 
N(R)SO.H(RK ~C(0)0-; -N(R)P{OR')0-; .N(R)P(OR')-; - 
N<R)P(O)(0R')O-; -N(R)P(OKOR^>; -N(C(0)R)P(Or)0-; - 
K(CCO)R)P(OrH-N(C(O)R)P(O.HOR0O-or-^^^^^^ 
R and r each, independently, -R acyl gro.p, a .ubsUtuted c. 
unsubstituU^d aliphatic group, a subslxtatcd or uBSubstituted aromat.c group, 
a substituted or «nsubstituted heteroaromatic group, or a substituted or 
ynsubstitutedcycloalkyi group; or 

Lis~R.N(R>S(OV,-W)P(OKor-R.N^^^^ 
aBalkvlene..oupwIuch when taken together withth^ 
phosphina..de.orphosphonamide group to whichitis bound tb 

six membered ring fused to n,ng A; or 

L is represmrted by one of the foiiowmg structural taulas: 
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wherein R^j taken togetfoer wift the ptiosptoiamide, or phophonamide 
is a 5-, 6-, or 7~membere4 ^matic, heteroaromatic or heterocycloalkyi ring 
system; 

R, is -H, 2-phenyl-l,3-dioxan--5-y1, a C1-C6 alkyl group, a C3-C8 
cycbaikyi group, a C5~C7 cycloalkenyl group or an optioiiaily substituted 
phen{Cl-C6 alkyl) group, wh^dn tfee alkyl, cycloalkyl and cycloalkenyl 
groups at« optionaUy substituted by one or more grt>ups of foraiula -OR'; 
provided that -OR' is not located on the carbon attached to nitrogen; 
is -H or a C1-C6 alkyl group or a C3-C6 cycloalkyl; 

Rj is -H, a substituted or unsubstituted aliphatic group, a substituted 
or unsabstituted cycloalkyl, a halogen, -OH, cyano, a substituted or 
ui^substituted aromatic groiip, a substituted or unsubstituted heteroaromatic 
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group, a sabstimted or unsiibstituted heterocycloaikyi, a substituted or 
tmsubstituted aralkyl> a substituted or uiisubstituted heteroaralkyl, -NR4RS, or 

R. is a substituted or unsubstituted cycloalkyi, a substituted or 
unsubstituted aromatic group, a substituted or unsubstituted heteroaromatic 
group, or a sabstitated or unsubstituted heterocycloalkyi; or L is NRSOj-, 
NRC(Oh-NRC(0)0-, -8(0)2^11-, -C(0)m- or ~OC(0)NR-, and R, is 
substituted or unsubstituted aUcyi, substituted or unsubstituted alkenyl or 
substituted or unsubstituted araikyU 

provided that j is 0 when L is ~CH>NR--, -C(0)NR.- or -NRaO)- and 
R3 is azacycloalkyl or azaheteroaryl; and 

provided that j is 0 when L is -O- and R, is phenyl; 

R^, R5 and the nitrogen atom togetlier form a 3> 4, 5, 6 or 7- 
membered, substituted or unsubstituted heterocycioalicyi, substituted or 
unsubstituted heterobicycloalkyl or a substituted or unsubstituted 
heteroarottiatic; or 

R4 aad Rs are each, ind<^ndmtly, -H, azabicycloalkyi, a substituted 
or unsubstituted aikyi group or Y~Z; 

Y is selected from the group consi^ng of -C(0)-, -(CH2)p-,-S(0)a-, - 
C(0)0-, -SO>NH., -CONH-, (CH^^O-, -(CHj),NH-, '(Clk^S-, -(CH2),S(0)-, 
and -(CH,)pS(0)2S 

p is an integer from 0 to 6; 

Z is a substituted or unsubstituted alkyt substituted or unsubstituted 
amino, substituted or unsubstituted aryl, substitutecJ or unsubstituted 
heteroaryl or substituted or unsubstituted heterocycloaficyl group; and 

j an integer from 0 to 6. 



30 2, The compound of aaim 1 , wherein Rj is selected from the group consisting of a 
substituted or unsubstituted phenyl, a substituted or unsubstituted napfathyl, a 
substituted or unsubstituted pyridyl, a substituted or unsubstituted thienyl, a 
substituted or unsubstituted benzotriazole, a substituted or tmsubstituted 
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tetraliydropyranyi, a substimted or «nsubstitated tetrahydroiliranylj a substituted 
or unsubstituted dioxane, a substituted or imsubstituied dioxolane, a substituted 
or unsubstituted quinoHne, a substitiited or unsubsthuted thiazoie, substituted or 
unsubstitated isoxazole, stibstituted or unsubstituted cyclopetttanyt, a substituted 
5 or unsubstiMed bezofw^, substituted or tmsubstitated benzothiophene, 
substituted or unsubstituted benzisoxaawle, substituted or unsubstituted 
bensaso&iazole, substituted or unsubstituted benzothiazole, substituted or 
unsubstituted beaoxazole, substituted or unsubstituted benzoxazole, substitoted 
or unsubstituted bezimidazole, substituted or unsubstituted benzoxadiazole, 
10 substituted or unsubstituted bsnzothiadiazole, substituted or unsubstituted 
isoquinoline, substituted or unsubstituted quiuoxaiine, substituted or 
unsubstituted indole and substituted or unsubstituted pyrazole. 

3- Tbe compound of Claim 2 wiierein R; is substituted with one or more 
1.5 substituent selected ftom the group consisting of F, Ci, Br, I, CHj, NO3, OCFj, 
OCHj, CN, COjCHa, CFj, t-btityl, pyridyl, substituted or unsubstituted 

oxazoM, substituted or unsubstituted beazyi, substituted or unsubstituted 
benzenssnlfonyl, substituted or unsubstituted phenoxy, substituted or 
unsubstituted pbenyL substituted or unsubstituted amino, carboxyl, 

20 substituted or unsubstituted tetrazolyl, styryl, -S- (substituted or 

unsubstituted wry]), -S-(sabstitut6d or unsubstituted heteroaryl), substituted 
or unsubstituted heteroajy!, substitnted or unsubstituted 
heteiocydoalkyl, alkynyl, ~C(0)NRfR^, R, and CH^OR,, 

Rf, Rg and the nitrogen atom iogelher form a 3, 4, 5, 6 or T-membered, 
25 substituted or urisubstittited heterocycloalkyl substituted or unsubstituted 

heterobicycloalkyi or a substituted or unsubstituted heteroaromatic 
Rf and Rg are each, independently, -H, a substituted or unsubstituted aliphatic 
group or a substituted or unsubstuituted aromatic group; and 

is hydrogen, or substituted or unsubstituted aUcyl or substituted or 
30 unsubstituted aryl, -W-(CHjVN%R„ -W-(CHjX-0-alkyl, , -W<Ca,X-S. 

alk>4,-W-(CH3)rOH; 
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t is an integer from 0 to 6; 

W is a bond or -O-, -S-, -S(0)-, -S{0)r, or -NR,-; 

^ is -H or alkyi; and 

R^, Re and the mtrogm atom to which tiiey are attached together fonn 
5 a 3, 4, 5, 6 or 7-metnbered substituted or uiisuhstituted heterocycloaJkyl or 

substituted or unsubstituted heterobicyclie group; or 

and are each, indepmdently, -H, aikyl, alkanoyi or ~ K-D; 
K is -S(0)j-, -C(Oh -C{0)NH-, -C{OV, or a direct bond; 
D is a substituted or unsubstituted aryi, a substituted or unsubstituted 
10 heteroapy 1, a substituted or unsubstituted aralkyl a substituted or 

iinsubstituted heteroaromatic group, a substituted or unsubstituted 
heteroaralkyL a substituted or unsubstituted cycJoalkyI, a substituted or 
unsubstituted heterocycloalkyi, a substituted or uji"^ubstituted amino, a 
substituted or unsubstituted aniinoaikyi, a substituted or unsubstituted 
1 5 aminocycioaikyi, COOR^, or substituted or unsubstituted alky!; and 

Ri is a substittttcd or unsubstituted aliphatic group or a substituted or 
unsubstituted aromatic group, 

3. The compound of Claim 3, wherein % h a substituted or unsaibstituted phenyl 
20 ttoenyl, benzoxadiazsjlyl, or benxothiadiazolyL 

4. T he compound of Claim 1 , wherein ring A is selected t\om the- group consisting 
of a substituted or wisubstituted phenyl, a substituted or unsubstituted naphthyl, 
a substituted or unsubstituted p>Tidyi, -md a substituted or unsubstituted indole. 

25 

5. The compound of Claim 5 wherein ting A is substituted with one or more 
substituent selected from the group consisting of F, Ci, Br, I, CH,, NO^, OCT,, 
OCHj, CN, CO,CHj, CFj, t-butyl, pyridyl, substituted or unsubstituted oxaisolyl, 
substituted or unsubstituted benzyl, substituted or unsubstituted benatenesuifonyl, 

30 substituted or unsubstituted phenoxy, substiiuted or unsubstituted phenyl, 
substituted or unsubstituted amino, carboxyl, substituted or unsubstituted 
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tetrazolyl, stytji, -S~(substituted or itnsubslituted ar>'l), ^S"{substituted or 
unsubstituted heteroaryl), substituted or unsubstituted heteroaryl, substituted or 
unsubstitoted hetemcycloalk>'l alkynyl, -C(0)NRfRg, R,and CHjOR,, 
li^ Rg and the nitmgen atom together form a 3, 4, 5, 6 or 7- 
5 membered, substituted or unsubstituted heterocycloalkyl, substituted or 

uttsubstitttted heterobioycioaiJcyi or a sub^ituted or unsubstituted 
heteroaromatic; or 

Rf and are each, independently, -H^ a substituted or unsubstituted aliphatic 
group or a substituted or unsubstuituted aromatic group; and 
10 is hydrogen, substituted or ujisubst itutcd alkyi, stibstitutM or 

unsubstituted ar>'l, -W-(CH2)rNRA-. -W-(CJi,),-0-alkyl, , -W-(CHj)rS- 
aikyi, or -W-(CHj)rOTI; 

t is an integer from 0 to 6; 
W is a bond or --0-, -S-, -8(0)-, -S(0)j~, or -NRt-; 
15 is -H or alkyi; and 

R^, R, and the nitrogen atom to which they are attached together form 
a 3, 4, 5, 6 or 7-meiabei-ed substituted or unsubstituted heterocycloaikyl, 
substituted or unsubstituted hefeaobicycloalkyl or a substituted or 
unsubstituted heteroaromatic; or 
20 R<. are eadi, independently, -H, alkyl, alkanoyl or -K-D; 

K is -S{0)r, -C(0)-, -C(0)NH-, -C(0),-, or a direct bond; 
D is a substituted or unsttbstitute<l myl, a substituted or tmsubstituted 
heteroaryl, a substituted or unsubstituted araikyi, a substituted, or 
unsubstituted heteroaromatic group, a substituted or unsubstituted 
25 heteroaraikyi, a substituted or unsubstittited cycloalkyi, a substituted or 

unsubstituted heterocycioalkyi, a substituted or unsubstituted amino, a 
substittited or unsubstituted aminoalkyi, a substituted or unsub^toted 
amiijocycloalkyi, COORj, or a substituted or unsubstituted alkyl; and 

R^ is a substituted or unsvtbstituted aliphatic group or a substituted or 
30 unsubstituted aromatic group. 
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6 . The compound of Claim 6, wherein ring A is a substituted or unsttbstituted 
phenyl. 

7, ITie compound of Claim 1 , wherein R* is a cyclopeatyl group, a 
hydroxycyctopentyi or an isopropyl 

9. A compound selected from the group consisting of 

Nl-{4-(4-amino~7-cyclopentyl-7H-pyrroIo|2,3-d]pyrimidift-5-yl)-2- 
fluoropheiiyl)-2-{tritluoK)mef hoxy)- 1 -benz^aiesulfonamide; 
Nl-(4-(4-amino-7-cyc]opentyI-7H-pyTroio[23-d]pymnidia-5-yI)-2- 
chlorophenyl)~2-chloro- 1 -benzenesuifonamide ; 
Nl-(4-{4-ami.no-7-cyclopentyl-7H--p>'n-o1o[2,3-d]pyrimidin-5-yl)~2~ 
cblorophenyl)-2-fluoro- 1 -benzenesuifonamide; 
NI-(4-(4-am5no-7-cyclopentyl-7H-pyrrolo[2,3~<J]pyrimidin-5-yl)-2- 
fluorophenyI)-2-chioro- 1 -benzenesuifonamide; 
Nl-(4-(4-aTO^no-7^syclopenty^7^^pyr^3lo[2,3-dlpJ'Tinlidin-5-yi>2- 
chioix)phenyl)-3-fluoro-l-boizenesulfonaintde; 
NI-(4-(4-amino-7-cyclopentyI-7H-pyn:olo[23-d]pyrinTidin~5-y1)-2- 
chlorophenyl)- 1 -benzenesnlfisnamide; 

Ni-(4-(4-amino-7-cyclopenty!-7H-pyn«lo[2,3-d3pyriniidin-5»yl)-2- 

{iitrophen>'l)-l-benzenesulfo«annde; 

Nl-(4-(4-aniino-7'Cyclopentyi-7H-p>'rrolo[2,3-d]pyrimidin~5-yl)-2- 

chiorophenyl)-3-(triiluororaethyI)-l-benzenesdfonamide; 

N 1 -(4-(4-amino~7~cyciopeiny] -7H-pyrro}o[2, 3-d]pyrimidin-5-yl)-2- 

cblorophenyl)-4-chloro-l-bejxsenesxiifonamide; 

N 1 -(4-(4~amino-7-cyclopentyl-7H-pyrroiof2,3-d]pyrimidin-5-yi)-2- 

chlorophenyl)-2-cyaao~ i -benziaiesuifonamide; 

Nl~(4-(4-amino-7-cyclopeatyl-7H-pyiTolo[2,3-d]pyrimidin-5-yl)-2- 

fiuorophenyI)-2-mtro~ i -braiztaiesulionamide; 

Nl-(4-(4~amino-7-cyoiopenty]-7H~pyn*olo[2,3'd]pyrimidiii-5-yl)-2- 

fluorophenyi)-2,6-difliioro-l-ben2encs«Ifonamide; 
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N 1 -(4-(4-mBmo-?-cyclopenty}-7H~pmoio[23-d3p>T^^ 
methoxyph^yi)- 1 -benzmesulfoiiamide; 

NH4-(4-ammo-7-«yciopentyl~7H~pyTTolo[23-d3pyrimidln~5~yl>^^^ 

fiuorophenyl)-2,3,4-trifiuoro-l-benzenesulfonamide; 

N 1 -(4-(4-aramo-7-cyclopen.tyl-7H-pym>Iof2,3 -d]p>Timidin-5-y!)-2- 

fliioropheny!)-4-biomo-2-fluoro- 1 -benzeaesulfonamide; 

NlK4-(4-ammo-7-cyclopenfyI-7H-pyiTolo{23-d3pyrimtdin-5-yl>^ 

fluorophenyl)-2,5-difiuoro- 1 -benzenesulfonamide; 

Nl-(4-(4-ammo-7-cyciopentyl-7H-pyTroloI23-dJpyrimidin-5-yl>2- 

{luoix>phenyl)-3,4-difliioro-l-be!i2enesulfoBamide; 

Nl-(4-{4-amiiio-7-cycIopeniy!-7H-p\Trolo[23-d]pyrimidin-5-yr)-2- 

fliiorop}ienyl)-2-bromo- 1 -benzcnesulfonaraide; 

Ni-{4-(4-ammo-7-cyciopentyI-7B-pyTroIo[23-dJpyrimid:m-5-y])-2~ 

fluoropheny])-2,6-dich1oro~l~benzenesttlfonaiTiide; 

N 1 -(4-(4-ammo-7Hiydop£aatyi-7H-pyn«lo{23~d3pyrimidm-5-yI>-2- 

iluorophenyI)-2A6-trichioro-i-benzenesulfonamide; 

Nl<4-(4-amino-7-cyclope!ntyl-7H-pyrmlo[23-d3pyTimidm~5^ 

finoropheayi)-2,4-dichloro-J-benzenesu1fonamide; 

Nl-(4-{4-amino-7-cyclopentyl-7H-pyTrolo[2j3-d3pyrimidm-5-yl)-2> 

fiuoropheayl)-2-chloK)-4-fIuoro- 1 -benxenesulfonamide; 

Ni-(4-(4-ajnmo-7<.yckipenty!-7H-pynx>lo[23-d3pyrimidm-5-yl)-2- 

{luorophenyi)-2,4-difiuoro-l-bei-izenesuifonamide; 

Nl-(4-(4-amino-7-cyctopenty1-7H-p>Troi.o[23-d}pyrimidin-5-yl)-2- 

fluorapbenyl)-2-iodo-I-bejizenesiJifonainide; 

Nl-(4-(4-anaino-7<yclopentyl-7H-pyrro}o[23-d]pyrimidin-5-yl)-2- 

fluorophenyI)-23'4ichIoto-1-befi2etiesu!foiiaj»ide; 

Nl-(4-<4-ainino~7-cyclopentyl~7H~pyn:olo[23-d]pyrimidin~5~yl)-2 

fluorophenyl)-4-bromo-2,5-di fliuDro- 1 -benzenesulfonamide; 

Nl~(4-<4'aromo-7-cycJopentyi-7H-pyrrolo[23-d3pyrinudm-5-yl>2~ 

fluorophenyl)-2-ch1oto-4-cyano-l-be3i2eaes«lfonamide; 

Nl-(4-(4-amino~7-cyclopenty1-7H-pyrrolo[23-d3pyrimidm-5-yl>^^^ 



fluorophenyl)-2-cWoro-6-methyl-l-beiizeiiesulfonamide; 

Nl<4-{4-aratno~7~cyciopmty1.-7H-py«:olo[23-d]pyrimidin-5->i)-^ 

fluorophenyl)-3-cMoro-2-n3ethyl~l-benzenesulfoBamide; 

■N2-(4<4-amino-7-cyclopent>1-7H-pyiTolo[2,3-d]pyTimj^ 

fluorophenylH*5-dibromo-2-thiophenesulfonamide, 

N2<4-(4-amino-7-<;yclop€ii^l-7H-p>Trolo[23-4]pyrimidin-5-^^^^ 

fluorophmyl)-5-bromo-2-thioph$nesulfonaimde, 

j,;2<4-(4-miino-7<ydop«nJyl-7H-pyrrolo[23-d]pyrimidin-5-^^^ 

fluorDplieny{)-3-broiBO-5-cMom-2-thiophenesuJfonafflide, 

N3-(4-(4-amino-7-cyclopentyl-7H-p\'Trolo[23~d]p>Timidm-5-yl)^^^ 

iluoropheny i)-2 , 5 -di c hloro -3 - thiophenesulfonamide, 

N4-(4-(4-ammo-7<ycIopentyl-?H-p>'Tro1o[2,3-d]pyrimidiB~5-yl)-2- 

fluorophenyi)-2, 1 ,3-bcii20tliiadia2o1e-4-sulfonaniide, 

N4-(4<4-amino-7~cyclopentyl-7M-py.n-olo[23-d]pyrimidin-5-yl^^^ 

fl[uorophenyI)-2, 1 ,3-benzoxadia2»le-4~suIfonamide, 

N4-{4-(4-amino-7-cyclopeatyI-7H-pynx)Io[23~d]pyrimidin-^^^ 

fiuorophenyl>7-chloro-2, 1 ,3-banzoxadiazoIft4-suUbiiamide, 

N4<4-(4-smmo-7K;yclopentyl-7H~pyTTo1o[2,3-d]pyrimidit)-5-yl)-2- 

fiuorophenyl)-7-methyi-2, 1 ,3-benzothiadiazole~4~salfoiiaiiiide, 

H4-(4-(4-aniino-7-cydopentyl-7H-pyiTolo[2,3-d3pyrimfdin-5-^^^ 

fluorophenyl)-5-raet1iyl-2J3-beiizothiadia7.ole-4-sulforiamide, 

|sf4-(4.(4-aniino-7-cyclopentyl~7H-pyrrolo[23-d]pyTimidm-5-yl)-2- 

•Oaoropheny!)-5-'Chloro-2,l,3-benzothjadia2:ole-4-sulfonaiiude, 

N-(4-(4-amino-7-cyclopentyl-7H-pyTrolo[2,3-d]pyrimidiii~5~yl)-2- 

fliioix)phenyl>(2-nitropheny])methanesulfonaj[iude; and 

Nl~(4-<4~amino-7KJycIopmtyl-7H-pyrrolo[23-d]pyrimidin-5-yI)-2- 

fiuorophenyl)-2,5~dihromo~3 ,6~difIiioro- ! -betizenesulfonamide; 

and pharraaceatically acc^^table salts thereof. 

The compound of Claim 1, wherein is -H, 
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1 1 . The compound of Claim, i , wherein L is ~0-, -NHSOjR-, -NHC(0)0-, or - 
NHC(0)R-. 

12. A method of inhibiting proteiB Mnase activity comprising admimstertng a 
coiK|>oiind of Claim 1 or a physiologically acceptable salt, prodrug or 
biologicaliy active metabolites thereof, 

13. The method of Claiin 12 wherein said protein kinase is selected irom ttie 
group consisting of KDR, FGFR-1, PDGFRjj, PDGFRa, IGF-IR, c-Mei, Flt- 
1, TIE-2, T^k, Src, fyn, Lyn, Blk, and yes. 

14. The metiiod of Claim 1 2 wherein the activity of said protein kinase affects 
hyperproliferative disorders. 

15. The method of Ciaiia 12 wherein the activity of said protein kinase affects 
angiogenesis, vascular petmeabiUty, immune respeouses or inflaimnation. 

16. A method of treating a patient having a condition which is mediated by 
protein kinase activity, said method comprising tiie step of administering to 
tkiQ patient a ther^>eutica}ly effective amount of a compound of Formula I as 
defined in Claim 1 or a physiologically acceptable sait» prodrug or 
biologically active metabolite Thereof. 

17. The method of Claim 16 wherein said protein kinase is selected from the 
group consisting of KDR, Fit-1, PDGFRp, FDGFRa, IGF-1 R, c-Met, TIE-2, 
J..ck, Src, fyti, Lyn, Blk, and yes. 

1 8 . The method of Claim 1 6 wherein the condition mediated by protein kinase 

activity is a hyperproUferative disorder. 



30 
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19. The method of Claim 16 wherein the acuvity of said protem kinase affects 

angiogmesis, vascular permeability, ininiuiie respeonses or inflarnmation. 

20- The method of Claim 16 whetsln the activity of said proteia kimse affects 
5 angiogenesis or vascular permeability. 

21 . The method of Claim 16 wherein the protein kinase is a protein 
serine/threonine kinase or a protein tyrosine kinase, 

1 0 22, The method of Ciaim i 6 wherein the condition mediated by proteia kinase 
activity is one or more ulcers. 



15 



23, The method of Claim 21 wherein the ulcer or ulcers are caused by a bacteriai 
or fungal infection; or the nicer or ulcere are Mooren ulcers; or the ulcer or 
ulcers are a symptom of ulcerative colitis, 

24. The method of Claim 1 6 wherein the condition medi ated by protein kinase 
activity is Lyme disease, sepsis or infection by Herpes simplex. Herpes 
Zoster, human imnmnodefkiency %'irus, paiapoxviais, protozoa or 
toxoplasmosis. 

25. The method of Claim 16 wherdn the condition mediated by proteia kinase 
activity is von Hippel Lindan disease, pemphigoid, psoriasis, Paget's disease 
or polycystic kidney disease. 

26, The method of Claim 1 6 wherein the condition mediated by protein kinase 
activity is fibrosis, sarcoidosis, cirrhosis, thyroiditis, hyperviscosity 
syndrome, Osier- Weber-Rendu disease, chronic occlusive pulmonary 
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disease, asthnia, exudates, ascites, pleural effusions, periciirdial effusions, 
puimonaiy edema, cerebral edema or edema following bums, trauma, 
radiation, stroke, hypoxia or ischemia. 

5 27. The raethod of Claim 16 wberei» tiie condition mediated by protein kinase 
activity is ovarian hyperstimuiation syndrome^ preeclampsia, 
inenometroiriiagia, or endometriosis. 

28. The method of Claim 16 wherein the condition mediated by protein kinase 
1 0 activity is chronic hinamriiation, systemic lupus, glomerulonephritis, 

synovitis, inflammatory bowel disease, Crohn's disease, glomorulonsphritis, 
rheumatoid arthritis and osteoarthritis, multiple sclerosis or grai^ rejection. 

1 5 29. The method of Claim 16 wherein the condition mediated by protein kinase 
activity is sickle cell anamiia. 

30. The method of Claim 16 wherein the condition mediated by protein kuiase 
activi^ is an ocular condition. 

20 

3 1 . The method of Claim 29 wherein the ocular condition is ocular or macular 
edema, ocular neovascular disease, scleritis, radial keralotomy, uveitis, 
vimtis, myopia, optic pi ts, chronic retinal detachment, post-laser treatment 
comphcations, conjunctivitis, Stargardt's disease. Bales disease, retinopathy 

25 or macular degeneration, 

32. The method of Claim 16 wherein the condition mediated by protein kinase 
activity is a caidiov^cular condition. 

30 33. The method of Claim 31 wherein the condition mediated by protein kinase 
activity is atherosclerosis, restenosis, ischemia-'repcrfusion injury, vascdar 



wo 00/17202 



-220- 



occlusion, venous inalfoimation, or carotid obstructive disease, 

34, Itie method of Claim 16 wherein the condition mediated by protein kinase 
activity is cancer. 

5 

35 , The method of Claim 33 wherein the cancer is a solid tumor, a sarcoma, 
fibrosarcoma, osteoma, meianoma, retinoblastoma, a rhabdomyosarcoma, 
glioblastoma, neuroblastoma, teratocarcinomaj an hematopoietic malignancy 
and malignant ascites. 

10 

36, The method of Claim 34 wherein the cancer is Kaposi's sarcoma, IJodgkin's 
disease, lymphoma, myeloma or leukmiia. 

37, The method of Claim 16 wherein the condition mediated by protein kinase 
\ 5 actitivity is Crow-Fukase (POEMS) syndrome or a diabetic condition, 

38, The method of Claim 36 wherein the diabetic condition is insulin-dependent 
diabetes melHtus glaucoma, diabetic retinopathy or microangiopathy. 

20 39. A method of decreasing tertility in a patient, said method comprising the step 
of administering to tire patient m efftx^tive anionnt of a coraponnd of 
Formala 1 as defined in Claim i or a physiologically acceptable salt^ prodrug 
or biologically active metabolite thereof. 

25 40. The method of Claim 1 6 wherein the compound of Formula I or a 

physiologically acceptable salt, prodrug or biologically active metahohte 
tiiereof is administ^ed in an amount effective to promote angiogenesis or 
viacniograaesis. 



30 41. 



The method of Claim 39 wherein the protein kinase is Tie-2. 



wo 00/17202 



-221- 



PCT/US99/21S36 



42- The method of Claim 39 wherem the compound of Fomiala I, or 

physiologicajiy accq>table salt, prodrag or biologically active metabolite 
thereof, is administsred in combination witti a pro-angiogenic grois'th factor. 

5 43. The method of Claim 41 wh^ein the pro-angiogeiiic growth factor is 

selected from tho group consisiting of VEGF, VEGF-B, VBGF-C, VEGF-D, 
VEGF-E, HGF/FGF-1, FGF-2, derivatives thereof and antiiodotypic 
antibodies, 

10 44. The method of Claim 3^) wherein the protein kinase-mediated condition is 
anemia, ischemia, infarct, transplant rejection, a wound, gangrene or 
necrosis. 



44. The method of Claim 1 6 wherein the protein kinase activity is involved in T 
1 5 cell activatjon, B cell activation, mast cell degranulation, monocyte 

activation, tiie potentiation of an inflammatory response or a combination 
thereof. 
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AMENDED CLAIMS 
[received by the Mtematioiiai Bureau on 01 March 2000 (01.03.00); 
original clajms 1-44 replaced by amended claims 1-45 {15 pages)| 

We claim: 

5 

1 . A eompoand rejjresented by the following structaral fonmula; 



10 




15 R, 

and pharmaceuticaBy scc^table salts thereof, whfaiein: 

King A is a six membered ammatic ring or a five or six membarcd 
heteroammatic ring which is optionally substituted with one or more 

20 substituents selected from the group consisting of a substituted or 

unsubstitutcd aliphatic group, a halogen, a substitnted or unsubstituted 
aromatic group, substituted or unsubstitutcd hetcroaroraatic group, 
substituted or unsubstituted cycloalkyi, substituted or unsubatituted 
heterocycloaik>'I, substituted or unsubstituted amikyi, substituted or 

25 ujisubstituted heteroaralkyl, cyano, nitro, -NR4RJ, -C(0)2H, -OH, a 

substituted or unsubstitated alkoxycaitonyl, -CCOVhaloaBsyi, a substituted 
or unsubstituted alkyltbio ether, a substituted or uijsubstituted alkylsulfoxide, 
a substituted or unsubstituted alkylsuifonc, a substituted or unsubstituted 
aryithio ether, a sub^itated or unsubstitated aiylsulfoxide, 2 substituted or 

30 unsubstituted aiyisulfene, a substituted or unsubstitated alkyl carbonyl, - 

C(0)-haioa1kyI, a substituted or unsubstituted aliphatic ether, a substihited or 
unsubstituted aromatic eth<a", a substituted or unsubstituted carboxaraido, 
tetrazolyl, trifluoromethylsulphonamido, trifluoromethyicarbonylamino, a 
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substituted or unsufastituted alkynyl, a substituted or utisubstituted alkyl 
amido or aikyicarboxamido; a substituted or tmsubsUtuted aryl arnido or 
aiylcarboxamido, a s«b^ituted or unsabstituted styryl aiid a substituted or 
unsubstituted aralkyi amido or atalkylc^boxamido; 

5 

L is -0-; -Ss -S(0)s .S(OV: -N(R)-; -N(C(0)OR).; -N(CCO)R)-; .N(SOjR)- 

-CH,0-; -CH,Ss -CHjNCR)-; -CH{NR)-;-CH,N(C(0)R))-; -CH^(C(0)OR> 
;-CHiN{S02R)s -CH(J^HR>; .CH(NHC(0)R>; -CH(NHSOjR>; - 
10 CH{MHC(0)OR)-;-CH(OC{0)R)-;-CHCOC(0)NHR)s -CH-CH-; - 

C{-NOR)-; -CCO)-; -CH(OR)s-C{0)N(R).; .N(R)C{0)-; -N{R)S(0).;- 
N(R)S(OV:-OC(0)N(R)s-N(R)C{0)N(a)s-HRC(0)Os-S{0)N(R> 
S(0)3N{RK N(C(O)R)S(0).; N(C(0)R)S(0),s .NCR)S(0)N(R)s - 
NCR)S(0)aN(R)-; 

15 -C{0)NCR)C{0)-; -S(0)N{R)C(OH .S(0)aN(R)C(0)-; -OS(0)N(R)-; - 

0S(0)3N{R)-; -N(R)S(0)0-; -N(R)S{0)20-; .N(R)S(0)C(0)s - 
N(R)S(0)AO)-; -SON(C(0)R)-; -SO.N(C(0)R)-; -N{R)SON(R)-; . 
N(R)S03N(R>; -C(OP-; -N{R)P(OR')0-; -N(R)P(OR')-; - 
N(R)P(OKOR')Os -N(R)F(0)(OR'}s -N(C{0)R)P(OR')0-; - 

20 N(C(0,)R)P(OR-)s -N(C(0)R)P(0){OR')0- or -N(C(0)R)P(OR')-, wherein 

R aiid R' are each, independently, -H, an acyl group, a substituted or 
unsubstituted aliphatic groi^, a substituted or unsubstituted aromatic group, 
a substituted or unsubstituted heteroaromatic group, or a substituted or 
unsubstituted cycloailtyl group; or 

25 L IS R,N(R)SCOV, -RfcN(R)P(OK or .R^NCR)P{0)0-, wherein R, is 

an alkylene group which when taken together with the sulphonamide, 
piK>sphitiamide, or phosphonamide group to which it is bound forms a five or 
six membered ring fused to ring A; or 

L is represented by one of the Ibliowing structural foramias; 

30 
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20 wherein R^s taken together with the phospWnamMe, or phophonamide 

is a 5-, 6-, or 7-membered, aromatic, hetrnjarotnatic or heterocycloalfcyl ring 
system; 

R( is-H, 2-ph6nyi-l,3-dioxan-5-yl, a C1-C6 alkyl group, a C3-C8 
cycbaUcyl group, a C5-C7 cycloaikenyl group or an optionally substituted 
25 phen(Cl -C6 aUcyl) group, wherein the alkyl, cycloaJkyl and cycloaikenyl 

groups are optionally substituted by one or more ^ups of fomxula -OR'; 
provided that -OR* is not located on the carboti attached to nitrogen; 
is ~H or a Ci -C6 alkyl group or a C3-C6 cycloalkyl; 
Rj is -H, a substituted or unsubstituted aliphatic group, a substituted 
30 or unsubstitisted cycloalkyl, a halogen, -OH, cyano, a substituted or 

uusubstituted aromatic group, a substituted or unsubstituted heteroaromatic 
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gfoxsp, a substituted or unsubstituted heterocycloalkyi, a substituted or 
unsubstJtuted araikyl, a stib^ituted or linsubstituted heteroaralkyl, -NR^, or 
-C(0)NR,R,; 

R, is a substituted or unsubstituted cycloalkyi, a substituted or 
5 tmsiibstituted aromatic group, a substituted or misabstitiited heteroaromatic 

group, or a substituted or unsubstituted heterocycloalkyi; or L is NRSOj-, 
MlC(0}-,-NRC{0)O-, -SCO),NR-, -C(0)NR.. or -OC{0)NR., and is 
substituted or unsubstituted alkyl, substituted or msibstitated alkenyl or 
substituted or misubstituted aralkyl; 
10 provided that j is 0 when L is -CHjNR-, -C(0)NR- or --NRC(0> and 

R3 is azacycloalkyJ or azaheteroaryl; and 

provided that j is 0 when L is -0- and is phenyl; 
R*, Rs and the nitrogen atom together form a 3, 4, 5, 6 or 7- 
membered, substituted or unsubstituted heterocycloalkyi, substituted or 
1 5 misubstituted heterobicycioalky] or a substituted or unsubstituted 

heteroaromatic; or 

R4 and R5 are each, independently, -H, azabicycloalkyl, a substitated 
or unsubstituted alkyl group or Y-2; 

Y is selected j&omtbe group consisting of -C{0)-, -(CH^X-j-SCO);.-, - 
20 C(0)0-, -SO,NH-, -COMK {CH,),0-, -(CH^,NH-, '(CU:^,S; -(CH3),S(0)-, 

and-(CH2),S(0)r; 

p is an integer from 0 to 6; 

Z is a substituted or unsubstituted alfcyl, substituted or unsubstituted 
amino, substituted or unsubstituted aryl, substituted or tmsubstiluted 
25 heteroaryl or substituted or unsubstituted heterocycloalkyi group; and 

j an integer from 0 to 6. 

2. The compound of Claim 1 , wherein R, is selected from the group consisting of a 
30 substituted or unsubstituted phenyl, a substituted or unsubstituted naplithyi, a 
substituted or unsubstituted p>Tidyl a substituted or unsubstituted thienyl, a 
substituted or unsubstituted be^.zotria^ole, a substituted or unsubstituted 
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tetrahydropyranyl, a substituted or onsubstituted tetrahydrofiinmyl, a substituted 
or onsubstituted dioxane, a substituted or unsubstituted dioxolane, a substituted 
or unsubstituted quinoline, a substituted or utisubstituleti thiazole, substituted or 
un&ubstttutcd isova/ole, subbt!ti.tcd or unsubstimted c>c'npuiUun!, l substiUiied 
5 or urisubptKutcd bezotujon, iaoi'Jtaied or uni«b«;titiitcd bcn/olhiophenc, 

^ui^stituted or uns j ^^t tutcvi oo^.^so- a^o t subsistutcd or im^ubstmUcd 
beii2isotl-uazole, s.u.istuuted or unsubstituted bcu^cthu-'ole, snbstiUited or 
unsubstituted be^uxazole, substituted or unsubstituted ben7oxa/ok, bub.stUuted 
or unsubstituted bezimidazole, substituted or unsubstituted benmxadiazole, 
10 substituted or unsubstituted benzothiadiazole, substituted or unsubstituted 
isoquinoline, substituted or unsubstituted quinoxalitte, substituted or 
unsubstituted indole and substituted or unsubstituted pyrazole. 

3, The compound of Ciaim 2 wherein Rj is substituted witb one or more substituent 
1 5 selected from the group consisting of F, CI, Br, I, CH,, NOj, OCF3, OCH3, CN, 
COjCHj, CF3, t-butyl, pyridyl, substituted or unsubstituted oxazolyl, substituted 
or unsubstituted benzyl, substituted or unsubstituted benzenesulfonyl, substituted 
or unsubstituted phenoxy, substituted or unsubstituted phenyl, substituted or 
linsubstituted amino, c;irboxyl substituted or unsubstituted tetrm^lyl, styryL -S- 
20 (substituted or unsubstituted ar>l), -S-{ substituted Cfr unsubstituted heteroaiyl), 
substituted or unsubstituted heteroaryl, substituted or unsubstituted 
heterocycloaJlcyl, alkynyi, -CCO)N"RfRg, and CHpR,. 

Rfi Rj and the nitrogen atom together form a 3, 4, 5, 6 or 7-membered, 
substituted or unsubstituted heterocycloalkyi, substituted or unsubstituted 
25 hetm)bicycloaikyi or a substituted or unsubstituted hetenoaroniatic 

Rf and Rg are each, independently, -H, a substituted or unsubstituted aliphatic 
group or a substituted or unsubstuituted aromatic group; and 

is hydrogen, or substituted or unsubstituted alky! or substituted or 
unsubstituted atyl, -W-(CHj)rNRdR,, -WHCIi^X-O-alkyl, , -W-(CH,),.S- 
30 alkyl, -W-CCHjX-OH; 
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t is an integear from 0 to 6; 

W is a bond or -0-, -S-, -S(OK -S{OV, or -NR^s 

is -H or alkyi; and 
R,i, il, and the iiiti-ogan atom to vAiich they ijre attached together form 
5 a 3, 4, 5, 6 or 7-membered substitiued or imsiibsiitxited heterocycioalkyl or 

substituted or unsubstituted heterobi cyclic group; or 

and R, are each, indepeadently, -H, alkyl alkaaoyl or-K-D; 
K is -S(0),-, -C(0)-, -C(0)NI-1-, -C{0)j-, or a direct bond; 
D is a substituted or unsubstituted aryl, a substituted or unsubstituted 
10 heteroar>'I, a substituted or unsubstituted araikyi, a substituted or 

tinsubstituted heteroaromatic group, a substituted or unsubstituted 
heteroaralkyi, a substimted or unsubstituted cycloalfcyl, a substituted or 
unsubstituted heterocycioalkyl, a substituted or unsubstituted amino, a 
substituted or unsubstituted aminoalkyl, a substituted or unsubstituted 
15 aminocycioalkyi, COORj, or substituted or unsubstituted alley!; and 

Rj is a substituted or unsubstituted aliphatic group or a substituted or 
unsubstitatcd aromatic group. 

4. The compound of Claim 3, wherein R, is a sabstitufed or unsubstituted phenyl 

20 threnyi, benzoxadiazolyl, or beiizotliiadiazoiyl . 

5. The compound of Claim I, wherein ring A is selected from tiie gn?up consisting 
of a substituted or unsubstituted phenyl, a substituted or unsubstituted naphthyi, 
a substituted or unsubstituted pyridyi, and a substituted or unsubstituted indole. 

25 

6. The compound of Claim 5 wherein ring A is substituted wilb one or more 
substituent selected from the group consisting of F, CI, Br, I, CH j, NO,, OCF,, 
OCH3, CN, COjCHj, CFj, t-butyl, pyridyi, substituted or unsubstiUited oxazoiyl, 
substituted or unsubstituted benzyl, substituted or unsubstituted benzenesulfonyi, 

30 substituted or unsubstituted phenoxy, substituted or unsubstituted phenyl, 
iiubstituted or unsubstituted amino, carboxyl, substituted or imsubstituted 
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tstrazolyl, styryj, -S-(substituted or imsubstitutcd arj'l), -S-(subsdtuted or 
unsubstituted beteroaryl), substituted or unsubstituted heteroaryl, substituted or 
ansubstituted heterocycloaikyl, aik^-nyU -C(0)N]lj.Rg, R^ and CHjOR,, 
Rf, and the nitrogen atom together fonn a 4, 5, 6 or 7- 
5 membered, substituted or uasubstituted beterocycloalkyl, subslituted or 

imsubstituted heterobicycloalkyi or a substituted or unsubstituted 
beteroaromatic; or 

Rf and are eacii, independently, -H, a substituted or unsubstituted alipliatic 
group or a substituted or unsubstuituted arom^ic group; and 
10 is hydrogen, substituted or unsub^mted alkyl, substituted or 

unsubstituted aiyl, -W-(CHj),-NR^R,, -W-<ay,-0.alky}, , -W-{CHjX-S- 
aiky!,or-W.(ai,>OH; 

t is an integer from 0 to 6; 
W is a bond or -0-, -S-, -S(0)-, -S(OV, or -NR^-; 
15 is -H or alkyl; and 

R^, R^ and the nitrogen atom to which they are attached together fonn 
a X 4, 5, 6 or 7-niembered substituted or unsubstituted beterocycloalky!, 
substituted or unsubstituted heterobicycloalkyi or a substituted or 
unsubstituted heteroaroraatic; or 
20 R^^ and R, are each, independently, 41, alkyl alkanoyi or ~K-D; 

K is -S(Oh-, -C{OK -C(0)NH-, -C(())j-, or a direct bond; 
D is a substituted or unsubstituted aryl, a substituted or unsubstituted 
heteroaryl, a substituted or unsubstituted atalkyl, a substituted or 
unsubstituted heteroaromatic group, a substituted or unsubstituted 
25 heteroaralkyl, a substituted or unsubstituted cycloalkyl, a substituted or 

unsubstituted heterocyclojdkyi, a substituted or unsubstituted amino, a 
substituted or unsubstituted aminoalkyl, a substituted or unsubstiluted 
amittocycioalkyi, COORj, or a substituted or uosubstiiuted aikyi; and 

R, is a substituted or unsubstituted aliphatic group or a substituted or 
30 unsubstituted aromatic group. 
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7. The compound of Ckim 6, wherein ring A is a substituted or unsubstituted 
phenyl 

8. The compound of Claim 1 , wherein R' is a cyclopentyl group, a 

5 hydroxycyclopentyl or an isopropyi, 

9. A compound selected from the group consisting of 

N 1 - (4-(4-annno~7-cyciopentyl-7H-pyrrolo [2,3-d]p>Timiciin-5~yl)-2- 
fiuorophenyI)-2-(teifl«oromethoxy)« I -benzenesuifonamide; 
1 0 Nl -{4-(4-anliBO-7-cyciopen^y^7H-pyrroio[23-cl3pyrin1idin-5-yi)-2- 

chiorophenyl)-2-chioro- 1 -benzenesulfonamide; 
Nl -(4-(4.ammo-7 -cyclopentyi-7H-pytrolo[2,3-<i|pyrimidin.5-yi>2- 
chlorophenyl)-2-fiuoro~I-benzenesulfonamide; 
Nl-(4-(4-ammo-7-cyclopentyl-7H-pym>lo[2,3-djpyrimidk-5~yi)-2- 
1 5 fliiorophenyI)-2-chloro-l -benzenssulfonamide; 

NI-(4-(4-amlno-7-cyciopentyl-7H-p>Trolo[23-d3pyrimidin-5-yl)-2- 
chlorophenyl)-3-fluoro~l~benzenesu!fonamjde; 
NlK'4-(4'aniino-7-cyclopentyi-7H-pyn-oIo[2J-d]pyrimidtn-5-yI)-2- 
chloropheiiyi)- 1 -benzenesiilfonaTnide; 
20 Nl-(4-{4-amino--7-cyclopenty1-7H.-pyrrolo[2,3-d]pyrimidin-5--yl)-2- 
mtrophenyl)- 1 -benzenesulfonamide; 

HI-(4-(4-amino-7<yclopentyl-7H-pyrrolo[23-d3pyriniidin-5-yi)~2- 
chlorophenyO-3-{tri5uoromethyl)-l-bciizenc3uIfonamide; 
Nl-(4-(4"amino-7-cydopenty!-?H-pyiToio[2,3-d]pyrimidin-5-yl)-2- 
cMorophenyl)-4-chloro~l~bmze3icsulfonainide; 
N!<4<4-amiiio-7-cyclopenty1~7H-pyrro!oi;2,3-d]pyrimidm-5-yI)-2- 
chloropheny1)-2-cyaso- 1 -bcnzenesuifonamide; 
Nl-(4<4-amino-7-cyciopentyl-7H-pyTrolo[23-d3pyrimidin-5-yl)-2- 
.fiiiorophenyl)-2-nitro-l-benzenesulfonamide; 
N i -(4-(4-ammo- 7-vyclopent>i-7H-pyn-olo[2,3-d|pyrimidin-5-yl)-2- 
fluorophenyi)-2,6~diflttoro-l-ben2cnesulfonamide; 
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Nl-(4<4-ammo-7-cycIopenlyl-7H-pym)lo[2J-d]pyriTmdm^ 

methoxypheny 0- 1 -benzen<suJibnamide; 

NI-(4-{4-aimno-7-cyciopentyi-7H-pyrroloi;2,3-d]p>Timidm 

f!uoropheny{)-2,3,4-triiIuoro- 1 -benzenesulfonamide; 
5 Nl-(4-(4-amino-7-cyck)pent>1-71i-p3'm'>lo[23-d]pyrimidin-5-yl)-2- 

fluorophenyl)-4-bronH>~2-fli[oro-l-betizenesulfonamide; 

NI-(4-(4-amino~7-cyclopentyl-7H-pyTTo!o[2j3-d]p}Ti.midii>5-^^^^^ 

flyoropheiiyl)-2,5-ditlaoro- 1 -benzeiicsiil fbiiamide; 

N i -(4-(4-amino-7-cyclop8ntyi-7H-pyrrolo[23-d]py.rimidk^^ 
10 fluoropbeny!)-3,4-difluoro-l-bsix2enesuIfonamide; 

Nl-(4^;4-ammo-7~cyciop<mtyl-7H-pyrrolo[23-d3pyrimidii^^ 

fluorophenyO-a-bromo-i-bcnzenesttlfoRamide; 

Ki-(4-(4~amino-7-cyclopentyI-7H-pyrrolo[23~d]pyriinidin-5-yl)-2- 

fiuorophenyi)-2,6*dichlojro-l-ben2:enes«lfonainide; 
15 N I-{4-{4-amHio-7-cyclopentyl-7H-pyiroio[2,3-d]pyrimidin-5-yl)-2- 

fluoropb8nyl)-2,4,6-trich!oro~ I -benzenesultbnamide; 

Nl-(4-(4-amino-7-cyclopeBtyl-7H-pvm-.1o[2,3Ki]pyrimidm~5-yl)-2- 

fluorophenyi)-2,4-dichloro- 1 -benzenesuifonamide; 

Ni-(4-{4-anvmo-7-cyc!opentyI-7H-p>'iT0!o[2,3--d]py}imiditi-5-yl)-2- 
20 fluorophenyl)-2-chioro-4~fluoro-l-beiizenesiilfonamide; 

Nl-(4-(4-amino-7-cyclopentyl-7H-p>«olo[23-d]pyrimidm-5-yl)-2- 

flaorophenyI)-2,4-difluoro-l-ben2:cnesulfonamide; 

Nl<4-<4-amino-7-cyciopentyl-7H-p>'n'o1o[2,3-d]pyrimid!n~5-yl)-2- 

fluorophenyl)-24odo- 1 -benzenesulfonamide; 
25 NH4-(4-ammo-7H;yc1openfyi-7H-pyrmIo[2,3-d]pyriaiidm-5-yl)-2- 

fIuoropheny1)~23-dichioro- 1 -bcnzetiesulfonaitiide; 

NI-(4-{4-ammo-7-cyclopenty1~7iJ-pyiTolo[23Hi]pyrimidin-5-yr)-2- 

f1tiorophenyi>4-broin(>-2,5-dif!uoro- 1 -benzeiiesul fonamide; 

Nl-(4-(4-ammo-?-cyclopentyl-7H-pyrrolo[2,3-d]pyrhmdin 
30 fiuorophenyl)-2-chiora-4-cyaTio- 1 -benzenesulforiajBide; 

'Nn<4<4-ammo-7-cydopeiity1-7H-pj'rroio[23-d]pyrimidin-^ 
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fIuofophenyl)-2-chioro-6-n3ethyl-l-bei3zeiiesulfoiTamide; 

Nl<4-(4-amino~7-cyciopent>1-7H-pyiTolo[23-d]pj'rimidii^^ 

fluorophenyJ)-3-chloro-2-me(hyl- 1 -benzenesulfonainide; 

N2-(4-{4-anuno-?<-yck>psntyl-7H-pyrrolor2,3-d]pyr!mjdia-5-yl)-2- 

fluorophenyl)~4,5-dibromft-2--thiophenesulfonaiTiide, 

N2-(4-(4-aniino-7-cyciapentyl-7l^p)Trolo[2,3-djpyrimidm-5-yl)-2- 

tluorophenyl)-5-bromo-2-tl}iophenesiilfonamide, 

N2-(4-(4-ammo-7-cyclopmtyl-7H-pyrrolo[2,3-d]pyriBiidin-5-yi)-^ 

fluoix>phenyi)-3-broino-5-chloro-2-thjophejBesuIfoiiamide, 

N3-(4-(4-ammo-7.cyclopentyl-7H-pyrriolo[23-d]pyrimidin-5-yi>2- 

fluorophenyl)-2,5-dicIiIoro-3-thiop}ieiiesu1fonai«idc, 

K4K4H4-amino-7-cyciopentyi-7H~pyrrolo[23-d]pyrimidm~5-yl)-2- 

fiiioropheayl)-2,l3-benzothiadiazo]e-4-su]fo«amide, 

N4-(4-(4-amino-7-cyclopeiityl-7H-pyiTolo[23-d]pyrimidin-5-yl^^^ 

f!uorophenyl)-2, 1 ,3-benz:oxadiazole-4-salfonamide, 

N4-(4-(4-ammo-7-cydopciityl-7II-p>TTolo[2J-d]pyrimidin,-5-yI)-2- 

fluorophenyi)-7-chIoro*2, 1 ,3-bsnzoxadia?.ole-4-suIfonaimde, 

N4"(4-(4-amino-7-cyclopentyl-7FI-pyrrolo|2,3Kl]py]iiiudin-5-^ 

fluorophenyl)-7-m6thyi-2 J 3-beixsotli!adiazoie-4-sul fonand^^^^ 

N4-(4-(4-amino-?-cyclopcnt>1-7Iiiiyrroio[2,3-d]pyriinidin-5-yl)-2- 

f!uorophenyi)~5~methyl-2, 1 ,3-bcn7.otbiadiazole~4-siil&naraMe, 

N4-(4-(4-ammo-7-cyclopentyl-7H-p>Ttolo[23-d]pyruiiidm-^^^^ 

fluorophenyl)-5-chlQro-2,l,3~ben7x>thiadia7x>le-4-sulfonamide, 

N-(4-{4-ammo-7-cyclopenty|.7H-pyrmlo[23~d]pyrin)idm-S-yl)-2- 

fiuorophenyiH2"nitrophenyl)methane!f5ulfoiiamide;aj«i 

Nl-(4-(4-anino-7-cyclopenty1-7H-pyrmio[23-d}pyiimidm-5~y^^^ 

f1uoropheiiyj)-2,5-dibmino-3,6-dif1uoro-l -benasnesulfotiaiaide; 

and pharmaceuiicaily acceptable salts tliereof. 

The compound of Claim 1 , wherein Rj is -H, 
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11. The compound of Claim i, wharein L is -0-, -NHSOjR-, -Nf !C(0)0-, or - 
NHC(0)R-. 

12. A method of inhibiting protein kinase activity comprisijig administejirjg a 
compound of Ciaim 1 or aphysioiogicaily acceptable salt, prodmg or 
biologically active metdx>Utes thereof. 

13. The method of Ciaim 12 wherein said protein kinase in selected from &e 
group consisting of KDR, FGFR-l , FDGFRfi, PDGKRa, IGF-IR, c-Met, Flt- 
1, TIE-2, Lck, Src, fyn, Lyn, Blk, and yes. 

14. The method of Ciaim 1 2 wherein the activity of said protein idn^e affects 
hyperproiiferative disorders, 

1 5. The method of Claim 12 wherein the activity of said protein kinase affects 
atlgiogenesis, va.^.ular permeability, inunune respeonsss or inilammation, 

16. A method of ireating a patietn having a condition which is mediated by 
protein kinase activity, said metliod conrpiising the step of administering to 
the pati ent a therapeutically effective amount of a compound of Formula I as 
defined in Claim 1 or a physiologically acceptable salt, prodrug or 
biologically active metabolite thereof, 

17. The method of Claim 1 6 wherein said protein kinase is selected irom the 
group consisting of KDR, Flt-l, PDGFRp, PDGFRa, IGF-IR, c-Met, Tm-2, 
Lck, Src, fyn, Lyn, Blk, and yes. 

1 8. The method of Claim 16 wherein t!ie condition mediated by protein kinase 

activity is a hypeiproliferative disorder. 
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1 9, The method of CJaim 1 6 wherein the activity of said pratein kinase affects 

^igiogenesis, vascular pemieability, immune respeonses or inflammation. 

20, The mciliod of CMm 1 6 wherein the activity of said protein kinase affects 
5 angiogenesis or vascular pemieabiiity. 

2 1 , The metiiod of Claim 1 6 vt'herein the protein iviuase is a protein 
smne/tbreoninc kin^ or a protein tyrosine kitiase. 

1 0 22, The method of Claim 1 6 wherein the condition mediated by protein kinase 
activitj' is one or more ulcers. 



The method of Claim 22 wherein the ulcer or uksrs ai^e caused by abacterial 
or fiinga! infection; or the ulcer or ulcers are Mooien ulcers; or the ulcer or 

xilCQis are a symptom of ulcerative colitis. 

The method of Claim 16 wherein the condition mediated by protein kinase 
activit)' is Lyme disease, sepsis or infection by Herpes simplex. Herpes 
Zoster, human immunodeficiency virus, parapoxvirus, proto2oa or 
toxoplasmosis. 

The method of Claim 16 wherein the condition medi&ted fay protein kinase 
activity is von Ilippel Lindau disease, pemphigoid, psoriasis, Pagefs disease 
or polycystic kidney disease. 

The method of Claim 16 wherein the cojadition mediated by protein kinase 
activity is tibro,si,s, sarcoidosi,s, cirriiosls, tiiyroiditis, hyper\iscosit>' 
syndrome. Osier- Weber-Rendu disease, chronic occlusive pulmonar>' 
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disease, asthma, exudates* ascites, pleural eflUsions, pericardial effusions, 
pulmonary edema, cearebrat edema or edema foUowing hums, trauma, 
radiation, stroke, hypoxia or ischemia, 

5 27. The method of Ciaim 16 wherein the condition mediated by protein kinase 
activity is ovarian hyperstimulation syndrome, pneeclampssa, 
menometrorriiagia, or endometriosis, 

28 . The method of Claim 1 6 wherdn the condition mediated by protein kinase 
1 0 activi ty is chronic inflammation, systemic lupus, glomerulonephritis, 

synovitis, inflammatory bowel disease, Crohn's disease, glomerulonephritis, 
rheumatoid artimtis and osteoariJHitis, multiple sclerosis or graft rejection. 



1 5 29, The method of Claim i 6 wherein the condition mediated by protein kinase 
activity is sickle cell anaemia. 

30. The mcttiod of <;;iaim 1 6 wherein the condition mediated by protein kinase 
activity is an ocular condition. 

20 

3 1 . The method of Claim 30 wherein the ocular condition is ocular or macular 
edema^ ocular neovascular disease, scleritis, radial keratotomy, uveitis, 
vitritis, myopia, optic pits, chronic retinal detachment, post-laser treatment 
complications, conjunctivitis, Stargardt's dise^, Bales disease, retinopathy 

25 or macular degeneration. 

32 . The method of Claim 1 6 wherein the condition mediated by protein kinase 
activity is a cardiovascular condition. 

30 33, The method of Claim 32 wherein the condition mediated by protein fcin^e 
activity is atherosclerosis, restenosis, ischemia/reperfitsioii injuiy, vascular 
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occlusion, venous malformatiQii, or carotid obstructive disease. 

The method of Claim 16 wherein the condition mediated by protein kinase 
activity is c 



35. The method of Claim 34 wherein the cancer is a solid mmor, a sarcoma^ 
fibrosarcoma, osteoma, melanoma, rednoblaston^aj a rhabdomyosarcoma, 
glioblastoma, neurobiastoma, teratocaucitioma, an heraatopoieiic malignajicy 
and malignant ^ites. 

10 

36. The method of Ciaim 34 wherein the cancer is Kaposi's sarcoma, Hodgfcin's 
disease, lymphoma, myeloma or leukemia. 

37. The method of Claim 16 whesrein the condition mediated by protein kinase 
15 actitivity is Crow-Fukase (POEMS) syndrome or a diabetic condition. 

38. The method of Claim 37 wherein the diabetic condition k insulin-dependent 
diabetes mellitus glaucoma, diabetic retinopathy or niicroangiopathy. 

20 39, A method of decreasing fertiiity m a patient, said method comprising the step 
of administering to tlie patient an effective amonnt of a compound of 
Formula 1 as defined in Ciaim 1 or a physiologically acceptable salt, prodrug 
or biologically active metabolite thereof. 

25 40. The method of Claim 16 wherein the compound of Fomxuia I or a 

physiologically acceptable salt, prodrug or biologically active metabolite 
thereof is administered m an amount effective to promote aagiogenesis or 
vasculogenesis. 

30 41 . The method of Claim 40 wherein the j»x>tein kinase is Tie-2. 
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42. The method of Claim 40 wherein the compound of Formula I, or 

physiologically acceptsdjls salt, prodrug or biologically active metabolite 
thereof, is administered in combination with a pro-angiogenic growth factor. 

5 43. The method of Claim 42 wherein the pro-angiogenic gromh factor is 

selected from the group consisitmg of VEGF, VEGF-B, VEGF-C, VEGF-D, 
VEGF-E, HGF, FGF-l, FGF-2, derivatives tliereof and antiiodot>'pic 
jHitibodies. 



10 44. The method of Claim 40 wherein the protein kinase-mediated condition U 
anemia, ischemia, infarct, transplant rejection, a wound, gangrene or 
necrosis. 



45, The method of Claim 1 6 wherein the protein kinase activity is involved in T 
1 5 cell activation, B cell activation, mast ceil degranulation, monocyte 

activation, the potentiation of an inflammatory response or a combination 
thereof. 



/TENDED SHEET {ARTiClE 10) 



IBITEENATIONAL SEARCH REPORT 



PCT/y$ 99/21836 



A. CLASaFiCATKJN OF SUBJECT MATTER 

IPC 7 C070487/04 A61K31/505 



fteagrairiQ to tntenijitfonaf Patent Cias!3i«ii?a<igfi iVKi orto ooth niSCTn^i ciasaftcafton and iPC 



&. FfgLOSSEASCHeO 



it siassificstien sy!T*ois5 



w the SKtsntaia! sucn dosuments are i»ciu(i«c: in »a iSsitis se 



Stedtof!*: <J3!a base (sonsuBajS dufingfhs swatfsatwai sea^sf> tnsm* o1 <Js!« ijas« and, viitwe pracsissf. se 



C. 0OCU«.16NTS COMSroERgD TO BE RELgVANT 





Citaliori of doeuriierit, wKh irdication. wfsfB apfsiflpriaw, ot ths iel»vara pas&agea 


B«tev«fTi to daim to. 


A 


EP 0 402 903 A {TAKEOA CHEMICAL INDUSTRIES 

LTD.) 19 December 1990 (1990-12-19) 
claifns; examples 


1-44 


A 


EP 0 795 556 A (PHARMACIA AND UPJOHN) 
17 SeptetBber 1997 (1997-09-17) 
claims; examples 


1-44 


A 


US 5 686 457 A (TRAXI.ER ET, At.) 
11 tovembar 1997 (1997-11 ■11) 
claisrts; examples 12,13 


i-44 


A 


WO 97 02266 A (CIBA-GEIGY) 
23 January 1997 {1997-01-23) 
claims; examples 


1-44 



m 



^ijt\n»! ck>cvnents s?® tisteti in ids 



j^atent itm-tf nwrnbsrs art ltst«<l in 



cisnsiiterea to -st partieotar rsiwafiee 
«isrii9f ^Jocatnsnt 6«( pufciishsd on of aSef His 
Rising <titt« 



or priowly dais snd no*, in 
5i(sa ;o una ' 



wtt(i> s Cit*d to sstabiish itse ps 

or other speoiai feasod (ss sixicisssoi 
n« feterrir^ to an oraf <ifsekis«ri*, yss, »xtm 

ifA puMi^sd prtti: ;o the tnternatfsna! tiling 



(ting dale 
sfthftoty uftflertyiflg «h« 



d!H:u!net«tnen)&«r«{tne$i3ms patent tamiiy 



Oats ttse sctuai compietlon of the intainsUonaj aearott 

12 January 2000 


Dais ot mailiiig of it>e> it«*maSiotiai s«at<fi (spoit 

04.02.00 


Nams and mailing addpsss eit (i^s sSA 

£u«!psan PstantOSisa, P.S, 3818 PaienSaana 
- SSfSO ritf RiiftWiJK 

PaxM+3i-?e)3i4C~gois 


Authorized ssifioef 

Helps, I 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/US 99/21536 



©.(Continuation! DOCUMENTS CONSIOEReO T{ 



P. n. TRAXLER ET. AL. ; 
M-(Pheny1amlno)pyrro1opyr1«!id1nes. Potent 
and Selective. ATP Site Directed 

Inhibitors of the tSF Receptor Protein 
Tyrosine Kinase," 
mmkl OF HEDICINAL CHEMISTRY, 
vol. 39, no. 12, 7 June 1996 (1996-06-07), 
pages 2285-92, XP002127273 
table 1 

C. G. OAVE ET.AL,: "Synthesis and 
Biological Activity of 
Pyrrol o' 2, 3-d 'pyrlmidlries. " 
imihH JOURNAL OF CHEMISTRY , 
vol. 27B, August 1988 (1988-08), pages 
778-80, XP002127274 
table 1 



f MB POT<:S*StO (.jcntifiuaifen ot sscfsid Km 



INTERNATIONAL SEARCH REPORT 



Tc?/Us't9721536 



Although claiias 12-44 are directed to a method 01 
hmnan/arsiJHal body, the search has been earned out and 
effects 



of the 
on the alleged 



of the co!!ipound/coiBposHion. 



n«fit»m2oftN-sts) 



INTERNATIONAL SEARCH REPORT 













■i ORS« Apt 


Bcation m 




m 


stme/tian on jjatentiamtiy metntie 

- 




1 PCT/US 99/21536 


P I p It -i. r ^ 




g P;.:ofica;iof> 
























EP 402503 


A 




CA 


2018875 A 


14-12-1990 








CN 


10487G5 A,B 


23-01-1991 








CN 


1103401 


A 


07-06-1995 








NO 


177057 


8 


03-04-199S 








US 


5349064 


A 


20-09-1994 








US 


5496946 A 


05-03-1996 








J? 


4009383 A 


14-01-1992 


EP 79B556 


A 


17-09-1997 


JP 


9323995 


A 


16-12-1997 


US 56864S7 


A 


11-11-1997 


AT 


159257 


T 


15-11-1997 








AU 




B 


13-08-1998 








AU 


1772295 


A 


09-11-1995 








CA 


2148324 


A 


04-11-1995 








CN 


1128263 


A 


07-08-1996 








CI 




A 


13-12-1995 








D£ 




Q 


20-11-1997 








DK 


682027 


T 


04-05-1998 








EP 




^ 


15-11-1995 








ES 


2109796 


J 


16-01-1998 








FI 


952033 


A 


04-11-1995 








SR 




J 


27-02-1998 








HK 


1002935 


A 


25-09-1998 








HU 






28-02-1996 








JP 




A 


27-02-1996 








NO 


951684 


A 


06-11-1995 








NZ 


27203 1 




29-01-1997 








PL 


308426 


^ 


13-11-1995 








$K 


56195 


A 


08-05-1996 








ZA 


9503495 


A 


03-11-1995 


WO 9702266 


A 


23-01-1997 


AU 


707626 


B 


15-07-1999 








AU 


6414896 


A 


05-02-1997 








BR 


9609617 


A 


25-05-1999 








CA 


2224435 


A 


23-01-1997 








C.2 


9800015 




15-04-1998 








EP 


G836605 


A 


22-04-1998 








HU 


9900330 


A 


28-05-1999 








OP 


11508570 


T 


27-07-1999 








NO 


975956 


A 


10-02-1998 








HI 


312665 


A 


30-08-1999 








PL 


324285 


A 


U-05-1998 








SI 


9620103 


A 


31-10-1998 








SK 


398 


A 


08-07-1998 








ZA 


9605723 


A 


06-01-1997 





Form PC;(,«i>.'?5S !(ja»!H !aE%5nn6!ii ^.Sjiy !9iW> 



